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SIC provides 100-MHz 


rms/dc conversion 


Ada compiler runs 
on IBM PC/AT 


AI boosts utility 
of CAE/CAD tools 
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Our team’s new product. 

Motorola Microcomputer Division simple to configure, easy to upgrade, ready 
introduces the VME Delta Series Com- to interconnect to other devices and fully 
puter System; the ultimate in system-level _ supported by Motorola full complement 
flexibility for multi-user applications. of development tools, software and services. 


—VME Delta Series is a trademark of Motorola, Inc.-UNIX is a registered trademark 


The VME Delta Series™ iS exceptionally of AT&T Bell Laboratories.—Ethernet is a registered trademark of Xerox Corporation. 


(AA) MOTOROLA Microcomputer Division 


Approaching our technology from your point of view. 
CIRCLE NO 196 


Yours. 


Our new team. 


_ Original Equipment 
Manufacturers know the 


And getting tougher. 

; In an uncertain 
wad one thing’ iS 5 certain. When youre 
dealing with new technologies, increasing 
competition and time and price pressures 
from end users, you need players who 


are going to come through for you; people © 


you can rely on to go the distance. 

Now there's a major league player 
in the systems business who can 
promise to go all the way for you. 
Motorola's Microcomputer Division. 
And that’s a promise that won't keep 
you awake nights. 

Motorola’s new Microcomputer Division 
has been established with one basic goal; 
to better and more completely serve 
your needs in the OEM board and 
systems business. 

And when we say completely, we 
mean it. Our prime focus will be on your 
demand for prompt service, expert help 
in every key area and backed by a com- 
prehensive, nation-wide field service 
support organization. 

More flexible choices: Whatever 
level of integration you decide upon, 
well deliver; everything from individual 
VMEbus boards to fully tested systems— 
ready to install. 

This will be backed by the most com- 
plete complement of development tools, 
accessories and software in the industry. 

Our whole aim is to help you get your 


systems business is tough. 


products to market on your schedule and 
on your terms—not someone elses. 

VMEbus Products you can feel 
confident about. With Motorola system 
components, your products will deliver 
the reliability and performance your cus- 
tomers demand. Our products are based 
on the most advanced 32-bit microcom- 
puters available today—the MC68000 family. 

Our system products incorporate 
industry-wide standards. Motorola 
system products are designed with the 
most widely accepted industry standards 
in mind; including VMEbus, UNIX; MAP 
and numerous communication protocols 
including SNA, Bisync, Ethernet® and more. 

The team behind your team. If theres 
one thing more important than our prod- 
ucts, it's the team of people that stands 
behind them. Our Microcomputer Division 
team has more experience in building 
reliable, high-performance VME system 
components than any other vendor. 

It's a team with depth; a specialized 
systems and support staff available at over 
100 field service locations world-wide 
and backed by the not inconsiderable 
resources of a $5-billion Fortune 100 Cor- 
poration. With a commitment to excel- 
lence unmatched in the systems business. 

The Motorola Microcomputer Division 
and you, the OEM. A winning combina- 
tion in VME systems. 


For more information, call toll-free: 
1-800-521-6274. 

Or write: Motorola Microcomputer 
Division, PO. Box 20912, Phoenix, 
Arizona 85036. 


Motorola and VME. 


_ Were approaching 
our technology 


from a different 
viewpoint... 


. & MULTIBUS Me ontrollers, 
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With Ciprico hardware, software, and humanware, 
you can make a more comfortable decision 


We start by taking your time frame We can provide it with your board. will arrive on time and ready to work. 
for designing a high performance Visit our plant and you'll see (In rare cases, if repair is ever 
microcomputer or Supermicro as how we develop new boards needed, take it for granted that we'll 
seriously as you. You'll receive an timely and reliably — with provide 48-hour turn-around.) 
intelligent disk or tape controller advanced design tools and a You'll even find us easy to 
board for evaluation as your sched- large library of proven firmware work with. 
ule dictates. modules written in “C”. Also, e 

That's humanware. we have a comprehensive % — Another thing to take for 

So is the experienced team we industry-leading ESD ) ah Grerted bs wt ie a 
assign to help you get your board program, burn-in, 100% "Wali i ae BD  coiwance cortalers. Ono 
up and running. And our pledge to in-circuit testing, and # good example is our new 
get back to you within four working functional stress testing. | ee 
hours any time you contact us In other words, you'll . Reeeeeeeee. features a unique 512 Kbyte 
during evaluation. see you can take it for NEL le 4 Zone ye wy wings 

Software you can take for granted that every board . BME ware interlace For more 
granted is a driver written by our a awe — information on all Ciprico con- 
engineering staff to take full advan- oe ace beeing se 
tage of your system's performance. Ciprico Inc. 
MULTIBUS is a registered trademark of Intel Corp. 2955 Xenium Lane 


Plymouth, MN 55441 
(612) 559-2034 CIRCLE NO. 48 


waa = You can take us for granted 


LET WESTCOR POWER YOUR SYSTEM 
INTO THE 21ST CENTURY. 


Westcor VI-100™ DC-DC converters put you ahead 
in the space race by putting more power — up to 
200 watts — into a remarkably compact 2.4 x 4.6 x 
47 inch 6 oz. modular package. Patented megahertz 
operation, the key to attaining such stellar power 
density, also reduces output noise and ripple. 
Booster modules provide kilowatts of power by 
simple, one wire, Gating Pin Paralleling with current 
sharing. 

VI-100 converters support input voltages from 10 
to 425 VDC and isolated outputs from 2 to 48 VDC. 
That means there's a Westcor converter for almost 
every system need in the galaxy, including military 
and telecommunications applications. And Westcor 


offers UL, CSA and VDE (TUV)-approved models for 
distributed power or other 110/220 off-line systems. 
All VI-100s are encapsulated and built to take it 
— their MIL 810 and MIL217D specs illustrate it and 
our minimum two-year warranty guarantees it. 
Industrial and Military grade modules with 3 and 
5 year warranties and special testing are also 
available. 
Find out more about Westcor Megahertz DC-DC 
sn converters and how they 
can power your system 
designs to new dimensions. 
Call us at 408-395-7050, 
TWX 910-240-2108. 


CIRCLE NO. 87 
fF } 
Aff WESTCOR CORPORATION ¢ 485-100 Alberto Way ¢ Los Gatos, CA 95030 « (408) 395-7050 « TWX 910-240-2108 


Standard RS-232 or optional 
 JEEE-488 interface. Unique 


Math, 
Memory 
and 
More. 


What instrument is no 
bigger than a lunchbox, takes 
measurements like four high- 
performance multimeters, 
gathers data like a logger, and 
stores tens of thousands of 
readings? : 

Only one instrument is like 
that—Wavetek’s new Model 
52 Data Multimeter. 

lt measures DC voltage 
and current, AC voltage (to 1 
MHz] and current, resistance, 
volt-amperes, dB, frequency, 
period, time interval and pulse 
width. And it accepts industry- 
standard thermocouples—d, K, 
E and T. 

The data Is shown in 
numeric and/or bar graph form 
on the large, high-resolution 
LCD. The display also helps 
with setup by providing com- 
plete menus for every function. 

Four parallel, isolated A-D 
channels let the Model 52 do 
the work of four ordinary 
DMMs. Built-in computing 
functions calculate deltas, 
percentages, minimum/maxi- 
mum readings and averages 
and detect alarm thresholds. 
You can even program your 
own math functions. 

Model 52 is also a data 
logger. Add optional multi- 
plexers and you can gather up 
to 252 channels of analog data 
and store the readings in 
nearly a megabyte of RAM. 
Digital 1/0 options add up to 
32 bits of digital input and 
output as well as D/A capability 


for external control applications. 


Internal batteries protect 
your data and provide total 
portability. Leave it on a 
mountaintop and gather data 
for months, or put it in a plane 
and take readings on the fly. 
The Model 52 is easy to 
_ live with. You can transfer data 
to any computer's database at 
your convenience using the 


_ Flex-Cal closed-box calibration 
_ saves your valuable time. 


© Copyright 1986 Wavetek Corporation 
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Measurement, 


Surface-mounted devices 
and a custom gate array make 
it possible to offer all these 
features in such a compact 
package—and a very low price. 
Also available is the remote- 
only Model 51 for an even 
lower price. 

For more information, call 
us at (619) 279-2200, or 
write Wavetek San Diego, Inc., 
9045 Balboa Ave., P.O. Box 


85265, San Diego, CA 92138. 


TWX 910-335-2007. 


Circle 21 for demonstration 


REALTIME MULTITASKING INDUSTRIAL 


CONTROL WITHOUT BEING LOCKED 
INTO A PROGRAMMABLE CONTROLLER 


Small form factor for easy packaging 


Operating temperature of 5°C to 65°C 


How? By using Pro-Log’s new System 1 
Industrial Computer. 


Like a programmable controller, 
System 1 runs relay ladder programs. . . but 
with many enhanced features such as 4- 
function math, stepper drums, and PID 
loops. 


Unlike a programmable controller, 
System 1 is based on an industry standard: 
the STD BUS. So you get a modular system 
that you can easily upgrade — a system 
supported by a large number of vendors and 
one that won’t change next year. I/O 
expansion is also based on industry standards, 
like Opto-22’s OPTOMUX and PAMUX. 


Reliability is the number one concern on 
the factory floor. System 1 has a Mean Time 
Between Failures (MTBF) of over 5 years, a 
Mean Time To Repair (MTTR) of under 5 
minutes, and Pro-Log covers it with a 5-year 
parts and labor warranty.* 


*Excludes power supply 


4 Circle 4 for literature request only 


And, if you’re not convinced yet that 
System | suits your control application, 
we've built in the capability to add a second 
processor that runs Microsoft’s MS-DOS. 
(MS-DOS is the operating system of the 
personal computer.) 


So, while one processor is handling the 
real-time demands of your control system, 
the other is handling the real-time demands 
of your job: Like data analysis, communi- 
cations, or generating management reports. 


You program System 1 with an IBM PC 
or compatible and the RD-1000 Relay 
Ladder Logic Editor/Monitor, at your desk 
or on the factory floor. RD-1000 lets you 
create, modify, document, download, and test 
your relay ladder control program. RD-1000 
is distributed by Pro-Log. 


Unlock yourself from the programmable 
controller! Call Pro-Log today: (800) 538- 
9570, inside California (408) 372-4593. Or 
write to Pro-Log Corporation, 2560 Garden 
Road, Monterey, CA 93940. 


Circle 43 for factory contact 


Industry Standard STD BUS 


Industry Standard Opto-22 
OPTOMUX and PAMUxX for 1/O 


SYSTEM 1 SUPPORTS: 

20 Shift registers 
32 Stepper drums 
2000 Set points 
6000 Control relays 
40 PID loops 


4-Function math 
Compare and jump 


1040 Digital I/O 
416 Analog !/O 
120 Timers 
100 Counters 


RD-1000 is a trademark of CPI Industrial Software, a division 
of Control Process. 

Microsoft and MS-DOS are registered trademarks of Microsoft 
Incorporated. 

IBM PC is a registered trademark of International Business 
Machines. 


D]_,]PRO-LOG: 


USA TLX: 171879; Australia (02) 419-2088; Canada (416) 
625-7752; England (0276) 26517; France (1) 3956-8142: 
Germany (07131) 50030; Italy (2) 498-8031: Switzerland 
(01) 62 44 44. 
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On the cover: Don’t let state-of-the-art 
technology dictate your chowe of a com- 
puter bus. Instead, choose the bus that 
lets you get your project up and running 
quickly and at minimum cost. See py 
114. (Photo courtesy Ziatech) 
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DESIGN FEATURES 
Special Report: Industrial buses 114 


You can spend a lot of time arguing the technical merits of electrical 
and physical bus structures, but the keys to your selection don’t 
necessarily depend on the CPU: Instead, board size, power re- 
quirements, and ease of interfacing may be the determining factors. 
—Jon Titus, Editor 


Thermal-tracking IC 137 
converts rms to dc 


An easy-to-use IC allows you to configure circuits that accurately 
convert the rms value of a waveform to a dc voltage. Operating on 
thermal principles, the device provides much greater speed than you 
can obtain by using logarithmic computing techniques. Further, the 
IC is relatively insensitive to a waveform’s crest factor—Jim Williams, 
Linear Technology Corp 


Compiler allows Ada development 
on an IBM PC/AT 157 


You can now obtain an Ada compiler for the IBM PC/AT that pro- 
vides all the features of the language and has been validated by the 
Department of Defense. What’s more, the compiler doesn’t just meet 
specifications; it allows you to solve real programming problems. 
—Avram Tetewsky, Charles Stark Draper Laboratory Inc 


Power op amps solve 171 
deflection-yoke drive problems 


Power op amps provide the ability to position beams in any desired 
position as well as the ability to retain a steady-state position. Putting 
both the power and signal stages in one compact package affords 
space/weight savings, and the lower parts count contributes to 
reliability —Granger Scofield, Apex Mucrotechnology Corp 


Designer’s Guide to EDIF—Part 3 185 


This third installment of a 4-part series shows how you can transmit 
your CAE/CAD tests to any system that understands the Electronic 
Design Interchange Format (EDIF) by translating your test patterns 
into that format. After you have simulated an ASIC on a workstation, 
for example, you can have your foundry verify your test with the foun- 


dry’s own, more precise, device models.—Esther Marx, Hart Switzer, 
and Mike Waters, Motorola Inc 


Continued on page / 
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How to be perfect to a fault. 


IN THE U.S. AND NON-EUROPEAN COUNTRIES: John Fluke Mfg. Co., Inc., PO. Box C9090, M/S 250C, Everett, WA 98206. Sales: (206) 356-5400. Other: (206) 347-6100. 
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Get your product to market faster. Save 
weeks debugging each prototype circuit 
board. Immediately. 


What a faultless package: 
Fluke’s 9000 Series of micro-based 
hardware debuggers. Plus the free troub- 
leshooting training. And Fluke support 
when and where you need it. 

A package never before offered. 

S0 you can start testing your proto- 
type board on Monday, learn how to auto- 
mate your verification process on Tues- 
day, and look like a saint on Wednesday. 

And to make it even more miraculous, 
put Fluke on trial for 30 days and see 
how many faults you can find. On us. 

Just Call the toll-free Fault-Line and 
get the whole story: 

e Your choice of three 9000 Series Hard- 
ware Debuggers. From Fluke, the world 
leader in emulative board testing. Fully- 
programmable to low-cost models. Even 
an IEEE-488 model. 

e Fast built-in tests discover hardware 
faults. 

e Exercise all data paths, without writing 
a line of code. 

e Support for over 50 microprocessors. 
e New expanded fault coverage. 

e Assure testability in manufacturing 
and service. 

From the moment you plug the inter- 
face pod into the microprocessor socket, 
you'll save time, money and deadlines. 

And become faultless in the eyes 
of man. — 


Call the Fault-Line For 30-Day Free Trial 
1-800-44-FLUKE Ext. 201 


RFLUIKE 


® 
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Continued from page 5 


Analog multipliers have come a long 
way since 1953, when researchers 
developed a 20-lb unit that could multi- 
ply two voltages in the —50 to +50V 
range. Now, designers are striving to ex- 
tend the 10- and 22-MHz bandwidth 
limits of their monolithic and hybrid ver- 
sions (pg 57). 


WBPA ABP 
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TECHNOLOGY UPDATE 


Accurate, high-speed analog multipliers 5/7 
promise greater use of analog techniques 


To compound the intrinsic difficulties of analog multiplication, 
many of today’s potential multiplier applications call for higher band- 
width and lower distortion than available products can deliver. Yet the 
advent of much faster analog multipliers is imminent.—larlton Fleming, 
Associate Editor 


Bridged SCSI controllers remain viable 69 
regardless of emerging embedded controllers 

Despite being threatened with extinction by peripherals with 
embedded controllers, bridged, SCSI controllers allow users flexibility 
in I/O-subsystem design —Maury Wright, Regional Editor 


Artificial-intelligence techniques 83 
boost utility of CAE/CAD tools 

Artificial intelligence has found a valuable niche in computer-aided 
engineering and computer-aided design. CAE/CAD tasks frequently 
require the use of heuristics, and the application of AI techniques can 


reduce uncertainty by offering software-based inferential reasoning 
capability—J D Mosley, Regional Editor 


PRODUCT UPDATE 
16-bit VME Bus CPU module 99 


DESIGN IDEAS 


Tree structure detects multiple inputs 195 
Isolation amp uses balanced modulators 196 
Signal conditioner borrows power from host 200 
Software routine probes TMS32010 code 200 
Two-way amplifier uses few parts 204 


Continued on page 9 
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Introducing, 
eve ing you've 


ever aSked for in an 


IBM 3174 compatible 
multiplexer. 


The new 3032 Multiplexer from 
Pilkington Communication Systems 
is designed to provide all the most 
requested features in a multiplexer 
compatible with IBM 3274's and 3174's 
. .all in one unit, and all without com- 
promise or trade-offs. 


® You asked for supervisory port control. 


circuit allows you to use twisted 
pairs or coax, and, with the flip 
of a switch, fiber 


The 3032 has a supervisory module 
that lets you sit off in a convenient 
location and use any ASCII terminal 
to monitor every remote site without 
leaving the room. You can even 


@ And you asked for serviceability. 


find out which I/O port has a 
problem just from the diagnostic 
information sent back by the 3032. 


The front cover of the 3032 easily 
snaps out, and the plug-in boards 
and everything else are right there 


at your fingertips. You don’t have to 
unplug a thing... just the module 
that needs changing. 


® You asked to use any type of 
cable (fiber, coax or twisted pair). 


For more information, orto arrange 
for a demonstration of the “asked-for” 
3032 multiplexer, call Pilkington Com- 
munication Systems, 65 Moreland Road, 
Simi Valley, CA 93065, 805-522-3333. 


A proprietary noise suppression 


Pilkington Communication Systems, Inc. 
65 Moreland Road 


Pilkington Communications Systems Ltd. 

Kinmel Park, Bodelwyddan, Rhyl, Clwyd. 

Simi Valley, CA 93065, LLI85TY, United Kingdom 

805-522-3333 Telex: 18-1549 Telephone St. Asaph (0745) 584500 Telex: 61148 
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PILKINGTON 
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EDITORIAL 53 


Before you start investing in artificial intelligence, make sure your 
computer really needs what the software vendors hope you will buy. 
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Now for the First Time in a 
Digital Oscilloscope... 


LeCroy 9400 — buat 125mnz corn Coe — oan 


= Bandwidth in Excess of 125 MHz. 
100 MS/S Digitizing Rate. 
5 GS/S Random Interleaved 
Sampling Rate. 


= 8-Bit Vertical Resolution. 


= 32K Segmentable Acquisition 
Memories, Each Channel. 
Up to 192K Total Memory. 


Switching transients recorded in segmented 
memories show contact bounce in segment 
number 3. Cursors can measure bounce-time- 
interval precisely. 
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"GREGOR MEASUREMENT MODE 
yentadt rat i . 


= +1% DC Accuracy. Autocalibration. 


= Fast Fourier Transforms 50-25,000 
Points. FFT Frequency Resolution; 
1 milliHertz to 50 MHz. 


= Signal Averaging in Time and 
Frequency Domains to 1,000,000 
Sweeps. 


Noisy R.F. Transmission Signal is averaged in 
time domain. Spectral content of cleaned-up 
signal is analyzed by FFT. 
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= Digital Filtering and Extrema Mode. 


= Fully Programmable Via GPIB and 
RS-232. 


= Waveform Processing Mathematics: 
Integration, Differentiation, 
Arithmetics. 


Inverted photo-diode signal is normalized then 
integrated for energy measurement (area 
under curve =11.44 nVs). Differential dC/dt is 
shown as well. 
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...9ignal Processing in Both the 
Time and Frequency Domains! 


UNPRECEDENTED PERFORMANCE IN A GENERAL 
PURPOSE DIGITAL OSCILLOSCOPE! 


LeCroy’s Model 9400 Digital Oscilloscope offers you more 
waveform measurement capability, more signal analysis 
power, longer memories and higher precision than any other 
digital scope. Here’s how: 


Start with wideband, dual-channel, simultaneous signal 
acquisition at 100 MS/S and a 5 GS/S random interleaved 
sampling rate with unmatched DC accuracy of +1%. Add a full 
complement of waveform processing mathematics and then offer 
more memory capacity than any other scope, like 192K! Memory 
that can be segmented into smaller sections allowing you, for 
example, to store up to 250 waveforms per channel for individual 
analysis and comparison. 


Long records give wide frequency span. Modulated audio signal, recorded 
over 25,000 points, shows harmonics up to 25 kHz. Expansion shows 
sidebands at 10 Hz and —30.1 dB. Frequency resolution is 2 Hz. 


And now, with Fourier Processing, you can examine the 
frequency constituents of your processed time-domain data over 
a WIDER range and with MORE resolution than has ever been 
possible before with any other portable digital scope! The 
50-25,000 point FFT variable transform size provides unequalled 
resolution from 1 milliHertz to 50 MHz. Large transform size 
FFT’s yield better and faster signal-to-noise improvement than 
signal averaging and enable you to separate closely-spaced 
frequency components for detailed analysis without an external 
computer. Multiple, menu-selectable display options present your 
spectra in familiar formats, such as power spectrum, power 
spectral density (PSD), real and imaginary, or magnitude and 
phase. And, with this versatile scope, you can instantly change 
displays or look at the same data in different formats without 
changing setups. 


Circle 2 for information 


Signal averaging improves dynamic range and sensitivity. Perturbation on 
a function generator sine wave is expanded to 500 pV/div vertically (10x) 
and 50 ns/div horizontally (100x) showing fine details, helpful to find 
cause of distortion. 


And the 9400 has many more outstanding features! Unique 
features such as summation averaging up to 1,000,000 signals 
with offset dithering to increase the effective resolution by 
several bits. And, continuous (exponential) averaging with multi- 
ple weighting factors so you can quickly and easily minimize the 
effects of noise on your measurements. Do you have a time or 
amplitude drift problem? In its unique EXTREMA mode, the 9400 
precisely tracks and records all extreme positive and negative 
values including glitches and spikes as short as 10 ns. And with 
its comprehensive waveform processing, the 9400 offers many 
powerful routines for performing signal characterization, 
mathematical analysis and post-processing of waveform data. 


All this in a scope! And yet, with all of its unprecedented 
capability, LeCroy’s Model 9400 remains as easy to use as your 
familiar analog scope. Let our field engineers show you how 
easy it is to put the power of the 9400 literally at your fingertips. 


LeCroy . . . the Innovator in Instrumentation is Raising the 
Standards for Digital Oscilloscopes . . . Again! 


To receive your free literature package or, for a demonstration, 
simply circle the reader service card or call (914) 578-6038. 


700 South Main Street, Spring Valley, NY 10977, U.S.A., (914) 578-6097 
Geneva, Switzerland, (022) 82 33 55 


Sales and Service throughout the world. 


Circle 41 for demonstration 


SAMTEC - YOUR BEST BUY 
IN INTERCONNECTS! 


ADDED VALUE 
really makes 
Samtec a 
different breed 
of cat. 


DIP sockets, capacitor sockets, 
adaptor plugs. 


ty 


Square socket strips, 
board spacers. 


lo 


yi) 
rbeb ele ry o/* 
Of 06 eed #4) 


Pin grid 
array sockets. 
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‘Samtec’s fair price and ADDED VALUES 
give you more for your money in 


Ways that really count!” san Shine, Proprietor 


ADDED VALUE-Triple in- 


Sw spection of all parts—before 
oes 


and after assembly and during 


Cs packaging. You get the right 
(O19 components in perfect con- 
dition. 


ADDED VALUE-Fast, friend- 
ly sales and order entry 
staff. Technical answers by 
trained people who know 
Samtec products as well as 
competitive units. 


ADDED VALUE-Delivery 
when you need it, as prom- 
ised—without excuses. Phone 
notification 3 days ahead if 
shipping date is changed. You 
always know your order status. 


Now, with all of these unique Samtec ADDED VALUES— 
can you afford to buy your critical interconnect devices 
on price alone? More and more smart specifiers realize 
that avoiding problems before they occur far outweighs 
the initial apparent price savings. Quality is remembered 
long after price is forgotten. 


EUROPEAN 


©Samtec, Inc. 1987 
HEADQUARTERS: 


WORLDWIDE 
HEADQUARTERS: 


SUDDEN SERVICE 


ADDED VALUE-Your “Sud- 
den Samples” will be sent 
within 24 hours. You will al- 
ways Rnow the part is right 
before you order. 


ADDED VALUE-Zero fail- 
ure rate for Samtec intercon- 
nects. This is reported by Sam- 
tec customers—demanding 
OEM's, large and small. 


ADDED VALUE-Careful, 
tested packaging that assures 
perfect, on-time delivery. 
Member, ‘National Safety 
Transit Authority. 


Interconnect Guide plus New 
72-page Catalog. Guideis valuable 
reference for keeping up with new 
interconnect products and applica- 
tions. New Catalog has specs on all 
Samtec interconnects. 


SAMTEC, Ltd. 35 Deerdykes View, 
Westfield, Cumbernauld, Scotland G68 9HN 
Phone: 02367 39292 FAX: 2367 27113 ILX: 776158 


SAMTEC, Inc. P.O. Box 1147, 810 Progress Blvd., 
New Albany, IN 47150 USA Phone: (812) 944-6733 
TWX: 810-540-4095 TLX: 333-918 FAX: 812-948-5047 
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6800/2/8, 
6809/9E Source - level 


68000/8/10 denuueers 
: Emulators 


780, MK3880/4 
and Z8001/2/3 
NSC-800 


A stand-alone or host-control system of fully integrated debug tools 
built on high performance emulation. 


Call toll-free and ask for 
the proof. 


is inassembler and 9 =a Discover why 
your debugger only linemen 4s the 
speaks C, it’s the 


nical ertfafplikation ks 
1-800-426-3925. In Wash- 


CIRCLE NO 26 


Just add 


a CPU and 
memory. 


CIRCLE NO 19 


Building a high-performance system is 
now easier than ever. 

Because all the major support circuitry 
you'll need is available from one supplier. 

Namely, Monolithic Memories. 

Our new high-performance LSI parts 
handle everything from memory support to 
data buffering to numerical processing. What's 
more, they handle it better. 

Which isn’t surprising when you con- 
sider that our parts perform like no others can. 

For instance, our single-chip 256K DRAM 
controller, single-chip 1 Mbit DRAM control- 


MMI 
MULTIPLIER 
AND 


ALU 
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lers and FIFO RAM controller are allindustry | perform at its peak without the best support 


exclusives. In addition, our Flow-Thru™ 16 x 16 circuitry. 
multiplier is the industrys fastest. And our That's why you should contact us today 
FIFO data buffering productlineistheindustrys for our High Performance LSI Design Kit. 
broadest. Monolithic Memories, 2175 Mission 
Other firsts on the way include our 16-bit College Blvd., Santa Clara, CA 95054. 
ALUs. And in CMOS, our 32-bit Flow-Thru (800) 247-6527, x6005. 
EDACs, 1K x 9 Deep FIFOs and the industry's And give your system all the support it 
fastest 16 x 16 multipliers. needs. 
But what’s it all mean for you? ™Flow-Thru is a trademark of Monolithic Memories, Inc. © 1986, Monolithic 


Memories, Inc. 


In a word, performance. 
You see, even if you build your system 
around the best CPU and memory, it won't 


Monolithic 
Memories 


CONTROLLER 


MMI 
FIFO 
DATA 
BUFFER 


MMI 
ERROR 
CORRECTION 
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Our 20MHz 8-bit MCU 
shows you incredible performance. 
Now show us what YOU can do with it. 


Bee SG oy GC ON Tb 8 


$10,000 in cash prizes — a lot to work for. 


There will be 8 big winners in Zilog’s Super8 
Design Contest. The Super8 design judged best over- 
all will be awarded $5,000, with $2,000 going , 
to the Second Place winner, and $1,000 to 
the Third Place entry. Plus, 

5 other designs will receive 
Honorable Mention awards of 
$400 each. 


Supers — a lot to work with. 

Designs will be judged on 
their innovative use of the Super8’s 
unmatched combination of per- =e 
formance and flexibility features: 20MHz speed; 
600-nanosecond interrupt mode; 40 interrupt 
sources, with 16 vectors and 8 programmable 
priority levels; on-chip full duplex UART; full DMA: 
3 16-bit Counter/Timers; 40 programmable 1/0 
lines, with 2 handshake channels; 272 general 
purpose registers; and more. 


Winners to be featured in EDN. 
The winning Super8 designs will be deter- 


mined by an impartial panel of judges from 
EDN. And EDN will announce the contest winners 
in the Fall of 1987. 


How to enter. 
First, purchase your 
* Super8 Design Kit for $88* 
4% from your local Hall-Mark 
distributor between January 
es = 15 and May 15, 1987. Second, 
using the materials provided in 
your Kit, develop and debug your 


Nose design. Third, send your Super8 


design entry - including the appropriate 
documentation - to Zilog. 


How to get started. 

For further information, or to order your 
Super8 Design Kit, call your local Hall-Mark dis- 
tributor. And do it today. The sooner you get 
going on your Super8 design, the closer you are to 
your share of $10,000. 


Void where prohibited by law. All entries become the property of Zilog, Inc. Zilog, 
Hall-Mark employees and members of their immediate families are ineligible. 
“plus tax, if applicable. 


Zilog 


an affiliate of 


EXON Corporation 


210 Hacienda Ave. 
Campbell, CA 95008 


(408) 370-8000 


Local Hall-Mark offices: Northeast: 617/935-9777, 609/424-7300, 201/575-4415, 516/737-0600, 215/355-7300 = Southeast: 404/447-8000, 301/988-9800, 


305/971-9280, 205/837-8700, 305/855-4020, 919/872-0712, 813/530-4543 = N 
414/761-3000, 612/854-3223 = South Central: 512/258-8848, 214/553-4300, 71 


orth Central: 312/860-3800, 513/563-5980, 216/349-4632, 614/891-4555, 
3/781-6100, 913/888-4747, 314/291-5350, 918/665-3200 = Northwest: 408/ 


946-0900, 303/790-1662, 916/722-8600 = Southwest: 714/669-4700, 602/437-1200, 619/268-1201, 818/716-7300, 213/643-9101. 
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NEWS BREAKS 


The board has 16 analog inputs, two 18-bit analog outputs, 16 digital inputs, 16 
digital outputs, and a software-programmable gain amplifier. The DAP 1200/4 with a 
10-MHz coprocessor and 512k bytes of RAM costs $1596. Two other versions come with 
an 8-MHz coprocessor and feature a 50-kHz sampling rate: The $1276 1200/2 has 128k 
bytes of RAM, and the $1436 1200/3 provides 512k bytes.—Margery S Conner 


CHIP USES VOICE-COMPRESSION ALGORITHM TO DOUBLE Tl CAPACITY 


The DS2167 combines a digital signal processor (DSP) and an algorithm known as 
Adaptive Differential Pulse Code Modulation (ADPCM) on a single chip. The result is a 
voice-transmission rate of 52k bps, which effectively doubles the capacity of 64k-bps 
full-duplex telephone transmission links. Developed by Dallas Semiconductor (Dallas, 
TX, (214) 450-0400), this IC conforms to the latest CCITT standards. You can expand a 
«4-voice-channel Tl line to accommodate 48 channels by splicing one DS2167 chip per 
voice channel into each end of the Tl line, or you can use the DS2167 to integrate voice 
and data services. This 24-pin CMOS IC consumes less than 150 mW of power and costs 
$39 (1000).—J D Mosley 


GALLIUM ARSENIDE SEMICUSTOM SERVICES AVAILABLE FROM HARRIS 


Harris Microwave Semiconductor (Milpitas, CA, (408) 262-2228) offers a range of 
GaAs digital semicustom services, including a standard-cell library and front-to-back 
CAE support. The library of 35 cells is a collection of basic logic functions im- 
plemented with buffered FET logic and a 2-level metal interconnect. It is flexible 
enough to define new cells if needed. The Unix-based CAE system can be used on Har- 
ris MCX-3, MassComp (5400, 5500, 5600), MicroVax/GPX, Sun 3/160, and Apollo 
(DN660, Turbo 570) workstations. Harris supplies you with a CAE user’s manual and 
a cell-library manual, including data sheets on each cell. Upon receipt of validated test 
vectors, Harris will test the devices using its own customized equipment. Packaging 
options include 5a- and 48-pin hermetic flat packs or chip carriers of your own 
preference. A typical dedicated program, including testing and packaging, costs ap- 
proximately $60,000; you receive 25 samples.—Dave Pryce 


IBM PC-BASED SIMULATOR SUPPORTS 68000/10 SOFTWARE DEVELOPMENT 


Big Bang Software Inc (Panama City, FL, (904) 784-3393) now offers a simulator/ 
debugger for Motorola 68000/680010 uPs. The simulator runs on IBM PCs and com- 
patible systems and costs $285. With the software package, you can display or 
disassemble hex files of Motorola S-Records. The program controls simulated execution 
in fast and single-step modes, and you can view registers, flags, and wP memory after 
each instruction executes. The program also includes load, dump, and breakpoint 
facilities. To run the program, you need a personal computer with DOS 2.0 or higher 
and 256k bytes of memory.—Maury Wright 
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TRW LSI 
now offers yo 
a second source 
for the Werte! 


WTL1032/1033... 


Until now, there has been only one source for these 
32-bit floating point multipliers and ALUs. Now 
there is a second source—and it’s even better! 


TRW’s new TMC3032 multiplier and TMC3033 
ALU are your ideal alternatives to the WTL1032 
and WTL1033. Pin and function compatible 
with the Weitek devices. 1/2-watt CMOS rather 
than 2-watt NMOS. And both have a throughput 


capability of 10 Megaflops. 

The TMC3032 and TMC3033 are packaged in 
64-pin DIPs and conform to IEEE 754. 

Price (in 1000s) is only $95 per chip. And— 
immediately available. 


So for an alternative to what has been—until 
now—a single source, turn to TRW LSI Products 


Division for an even better, and lower priced, 
second source. You can order these new devices 
now by contacting your local TRW Sales Office 
or distributor. The TMC3032J 3C and TMC- 
3033J3C are in stock at Arrow Electronics, 
Hall-Mark and Hamilton/Avnet. 


Remember, you always get 
FULL SPEC PERFORMANCE 
from TRW LSI. 


For a data sheet or for super-fast information, 


call or write our Literature Service Department: 


LSI Products Division, 

TRW Electronic Components Group, 
PO. Box 2472, La Jolla, CA 92038, 
619.457.1000 


at a lower price! 


In Europe, call or write: 

TRW LSI Products, 

Konrad-Celtis- Strasse 81, 

8000 Muenchen 70, W. Germany, 089.7103.115 


In the Orient, phone: 
Hong Kong, 3.856199; 
Tokyo, 03.461.5121; Taipei, 751.2062 


©TRW Inc. 1986-TRS-6100 
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LSI Products Division 
TRW Electronic Components Group 


NEWS BREAKS: INTERNATIONAL 


VME BUS VIDEO BOARD FEATURES A FRAME GRABBER AND FRAME STORE 


The Virtuoso video card from Primagraphics (Melbourn, UK, TLX 817932) incor- 
porates a frame grabber and a frame store on one double-Eurocard VME Bus board; 
thus, data transfers between the frame grabber and frame store don’t load the VME 
Bus. Priced at less than £2000, the video card features an 8-bit digitizer, 512k bytes of 
frame-store memory, and a color look-up table that provides 256 colors from a palette 
of 16 million colors. The digitizer operates at sample rates of 15 or 13.5 MHz, suiting it 
for use in 625- or 525-line video systems. The frame store is dual ported to the 
digitizer and to the VME Bus. It has a separate overlay plane that allows you to mix 
video and graphics images. Video input and output to the board is via standard 750, 1V 
p-p video signals.—Peter Harold 


JAPANESE COMPANIES SHIFT TO 1M-BIT DYNAMIC-RAM PRODUCTION 


In response to increased demand for larger memory devices, Japanese semiconduc- 
tor manufacturers are beginning to slow down production of 256k-bit dynamic RAMs 
and increase the supply of 1M-bit dynamic RAMs. Two of the leading semiconductor 
vendors—Toshiba Corp and Hitachi—have already increased production; Mitsubishi 
Electric, Nippon Electric, and Fujitsu are expected to follow this trend soon. 


Toshiba, the leading manufacturer of 1M-bit dynamic RAMs, will raise its monthly 
production of these devices from 500,000 pieces to 1 million next month. Hitachi 
claims it will reach the same level during the fall._Joan Morrow 


LOGIC ANALYZER IS BUILT AROUND IBM PC/AT-COMPATIBLE COMPUTER 


The PLA-286 logic analyzer from Kontron Messtechnik GmbH (Eching, West Ger- 
many, TLX 526719) uses the company’s ruggedized PC/AT-compatible computer, which 
will accept plug-in boards to provide as many as 16 100-MHz timing channels and 96 
<O0-MHz timing/state channels. You can use the full complement of timing and state 
channels together. The timing analyzer allows you to qualify trigger words with time 
windows and to search for trigger signals that are longer or shorter than a defined 
period. The 100-MHz channels have a trace-memory depth of 8k words, and the 
20-MHz channels have a memory depth of 4k words. The analyzer, which also provides 
an IBM PC/AT-compatible environment for running commercial software under the MS- 
DOS operating system, costs approximately DM 15,000 to DM 31,000 depending on con- 
figuration.—Peter Harold 


UNIX WORKSTATIONS SELL FOR LESS THAN $3000 

Two Unix workstations, the Model 50UX-10 and -20 from Hitachi Ltd, are 32-bit 
machines built around Motorola’s MC68010 microprocessor. They feature 1M byte of 
main memory, which is expandable to 4M bytes. The Model 50UX-10, which comes 
with a 7e0x520-dot display, sells for ¥398,000 ($2488); the 50UX-20, incorporating a 
20x'780-dot display, is priced at $3113— Joan Morrow 
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THE FIRS To NAM Pee DIGITAL SCG OP Ff 5 


The Acquisition. 

With sweep speeds from days to nanoseconds and 
resolution up to 15 bits, the 4094 digital ’scope can capture 
the most elusive signals. Every plug-in has 16K of memory, 
viewable trigger set-up and independent pre- or post-trigger 
delay on each channel. Signal averaging is standard and our 


latest 10 MHz/12-bit plug-in even 
DIGITAL Sto cna ee 


the incoming signals. With two 
plug-ins the 4094 can record four 
channels simultaneously. Or even 
monitor two slow signals and capture high speed glitches 
at the same time. All under computer control or via manual 
operation: whatever your application demands. 
The Analysis. 
ae Expand and examine any waveform feature in detail. Use 
| a: the dual cursors and numerics to measure the time or voltage 
of any point. Compare live or stored waveforms with each 
other or with pre-recorded references. Store signals on disk 
manually or automatically. Use pushbutton programs to 
manipulate the data or send it to your computer via GPIB 


or RS232 interface. Complete your report with a hardcopy 
plot using the XY/YT recorder or digital plotter outputs. 


First Time, Everytime. 

Don’t miss important data because of set-up errors. From 
the World’s first in 1973 to the latest models, Nicolet ’scopes 
are easy to use. Find out how they can be the quickest 
solution to your signal problems. For more information call 
608/273-5008, or write Nicolet Test Instruments Division, 
P.O. Box 4288, 5225 Verona Road, Madison, WI 53711-0288. 


cz Nicolet 
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from 


(1-49) 


one-piece design defies rough handling 


Check these features: 


V Each unit undergoes high-impact shock test 
V Available from 1 to 40 dB 

Y DC to 1500 MHz 

V Unexcelled temperature stability, .002 dB/°C 
¥ 2W max. input power (SMA is 0.5W) 

Y BNC, SMA, N and TNC models 

V Immediate delivery, 1-yr. guarantee 


Precision 50-ohm terminations... only $6.95 (1-24) 
DC to 2 GHz, 0.25W power rating, VSWR less than 1.1 
BNC (model BTRM-50), TNC (model TTRM-50) 

SMA (model STRM-50), N (model NTRM-50) 


A Division of Scientific Components Corporation 


P.O. Box 166, Brooklyn, New York 11235 (718) 934-4500 
Domestic and International Telexes: 6852844 or 620156 
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*Freq. 


DC-1500 MHz 


(MHz) 


Atten. Tol. 
(Typ.) 


Atten. Change, (Typ.) 
over Freq. Range 


VSWR (Max.) 


1000-1500 MHz 
1.5 


*DC-1000 MHz (all 75 ohm or 30 dB models) DC-500 MHz (all 40 dB models) 


MODEL AVAILABILITY 
Model no. = a series suffix and dash number of attenuation. 
Example: CAT-3 is CAT series, 3 dB attenuation. 


ATTEN 


1 
2 
3 
4 
5 
6 
Z 
8 
9 
10 
12 
5 
20 
30 
40 


@ denotes 75 ohms; add —75 to model no. 
@ denotes 50 ohms 


SAT (SMA) CAT (BNC) NAT (N) TAT (TNC) 
% @ ® ® 
® ® @ e 
% On @ ® 
& . ® @ 
® ® @ @ 
6 os 9 a 
® ® @ ® 
e @ 8 * 
& ® . a 
& On ® @ 
& @ & * 
& Ou ® * 
* On ® id 
® & © ® 
@ @ * @ 


PRICING (1-49 qty.): CAT (BNC)..$11.95, SAT (SMA)..$14.95 


TAT (TNC)..$12.95, NAT (N)..$15.95 
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from 51999... 1211 (500 qty. ) 


Now, for your wideband systems design, under —$20.00 
SPST and SPDT pin diode switches that operate over the 


10 to 2500 MHz range with less than 1 dB (typ.) 
insertion loss at 1000 MHz, 1.5 dB at 2500 MHz. 


No waiting, immediate delivery . . . with one year guarantee. 


Call or write for our catalog or see our catalog in the 


Gold Book, EBG, EEM or Microwaves Product Data Directory. 


SPECIFICATIONS for 
PSW 1111 (spstT) and PSW 1211 (SPDT) 


ZMSW 1111 and ZMSW 1211 
FREQUENCY RANGE 10-2500 MHz 
INSERTION LOSS 
10-2000 MHz 1.7 dB max. 
2000-2500 MHz 2.7 dB max. 
ISOLATION 
10-500 MHz 40 dB min. 
500-1000 MHz 30 dB min. 
1000-2000 MHz 25 dB min. 
2000-2500 MHz 20 dB min. 
SWR 1.5 max. (“on” state) 
SWITCHING SPEED 1 psec. (max.) 
MAXIMUM RF INPUT +20 dBm 
CONTROL +5 V (5 mA max.) 
OPERATING TEMPERATURE —54°C to +100°C 
STORAGE TEMPERATURE — 54°C to +100°C 
PRICE (6-24) (1-4) 
PSW 1111 $29.95 ZMSW 11il $59.95 
PSW 1211 $29.95 ZMSW 1211 $59.95 


A Division of Scientific Components Corporation 
P.O. Box 166, Brooklyn, New York 11235 (718) 934-4500 
Domestic and International Telexes: 6852844 or 620156 
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HP’s integrated 
CAE/CAD 


The HP DesignCenter 
offers integrated CAE/CAD 
software tools that accelerate 
the design process from idea 
to test. These tools, which 
run on the HP 9000 Series 300 
technical workstations, 
improve productivity and 
communication throughout 
the product development 
process. So engineers can 
design faster and get prod- 
ucts to market quickly. 


Analog and digital 
design on one system 
Both digital and analog 
designers can use the same 
HP design capture system, 


helping you to maximize 
return from your CAE;/CAD 
investment. The system offers 
a number of features that 
help speed design, including 
a consistent environment of 
component libraries and 
schematics; hierarchical de- 
sign entry; integrated docu- 
mentation; on-line electrical 
rule checking; automatic 
component selection; and 
links between external design 
tools and design capture. 


Faster microprocessor 
software development 
You get HP computer- 
aided software engineering. 
And some of the most ad- 
vanced hardware and software 


integration tools available, in- 
cluding real-time emulation 
for over 40 processors. These 
tools let engineers tap the 
power of HP’s microprocessor 
development environment to 
speed product development. 

There's even a link to de- 
sign capture from micropro- 
cessor system development 
so engineers can transfer 
programs directly to simula- 
tion, reducing both simulation 
setup time and the possibility 
of manual-entry errors. 


Advanced PCB design 
tools for a head start in 
manufacturing 

HP’s automated printed 
circuit design system helps 


Accelerate your product 
from idea to design and 


see apm trait gpa envenomation enone 


! 
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Go from engineering design DDD>DDPDDODPDDPPDPPDHHPp 


26 EDN February 19, 1987 


turn engineering ideas into 
finished printed-circuit boards 
quickly. And gives you the 
assurance that boards will 
match the approved design 
from engineering and be 
practical to manufacture. 

You get a link from sche- 
matic capture to PCB design 
for highest design integrity, 
and system features that 
optimize designs for your 
actual manufacturing envi- 
ronment. The result is reduced 
manufacturing costs, higher 
yield, and improved reliability. 

You can also transfer net- 
list and part information from 
PCB design to HP’s board test 
system, ending manual-entry 
hassles and errors. 


HP DesignCenter:our 
commitment to CAE/CAD 
HP’s CAE;/CAD tools are 
part of HP DesignCenter. .. 
a powerful product develop- 
ment environment that unites 
the activities of electronic, 
mechanical, and software 
engineers through integrated 
systems, software, and support. 
For all the facts, call your 
local HP sales office listed in 
the telephone directory white 
pages. Or call 1-800-447-3282 
(in Colorado call 590-3340 
collect) for free literature on 
our CAE/CAD solutions. 


Y 


HEWLETT 
PACKARD 


development 


test. 


SD DDDPDPPHPHHHHHHHDH|D to finished product faster 


DS15611 
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GE/RCA HC 


into the world of CMOS. 


Only GE/RCA has the broad line, 


unique parts and 25 years of CMOS experience 
to support you every step of the way. 


Your venture into the world of high-speed 
CMOS can be very rewarding—f you travel 
with the right CMOS partner. 

A logical first step. 

We have been the leader in CMOS logic 
for more than two decades. 

We pioneered with the 4000 series and 
followed with high-speed CMOS and ACL. 

Today, we have more than 270 high- 
speed CMOS devices. And that number is 
growing fast, because every time we make a 
new HC device (and we have the industry's 
broadest line), we make the corresponding 
part in HCT, too. 

A design engineer’s dream. 

This broad line includes quite a few 
unique parts (for a sample, see the box 
below). And we have extensive experience 


HC/HCT4016, 4066, 4316 

e Low Ron, 125 ohm typically (4016, 4316), 
25 ohm typically (4066), Vcc=4.5V. 

e Frequency response of -3db down @ 180 MHz 
(4016, 4316), -3db down @ 200 MHz (4066), both 
driving a 75 ohm load. 

e Low distortion. 

e Maximum control switching frequency to 35 MHz. 

e Low “OFF” leakage current. 

e Applications: Instrumentation, Direct Current to 


HC/HCT4046A 

e Operating frequency range up to 17 MHz (fc) at 
Vcec=4.5V. 

@ Built-in op amps for excellent linearity. 

e Op-amp buffered demodulated output. 

e 3 phase comparators to choose from. 

e Applications: FM Modulation/Demodulation, 
Frequency Synthesis, Frequency Multiplexing, 
Voltage to Frequency/Frequency to Voltage 
Conversion, Servo Control Systems, Data 
Synchronization, Manchester Coding/Decoding. 
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Our unique high-speed CMOS analog switches are among the highest 
frequency, lowest distortion devices available today. 


50 MHz Switching Systems, Cable TV, Workstations. 


Our Phase-Locked Loop devices offer greater speed and linearity than any other 
CMOS PLL’s...plus low power consumption. 


in High-Rel, ASICs, memories and micro- 
processors, so we can help you get the most 
possible from this outstanding technology. 
Anda purchasing agent's, too. 
There’s more to good CMOS than good 
design. We have a track record of delivering 
competitively-priced parts on time. And 
we've invested millions of dollars to provide 
the production capacity and leading-edge 
technology you need. | 
Add to this a record for reliability that has 
truly withstood the test of time (after all, we 
invented CMOS), and you'll see why so 
many people have started successful jour- 
neys into CMOS with GE/RCA at their side. 
Take a big step in the right direction, and 
call toll-free 800-443-7364, ext. 15. Or con- 
tact your local sales office or distributor. 


HC/HCT4051, 4052, 4053, 4351, 4352, 4353 


e Wide analog input voltage range: +5.5V max. 

e Low “ON” resistance: 70 ohm typ (Vcc-Vee = 4.5V), 
40 ohm typ (Vcc-Vee = 9V). 

e Lowcrosstalk between switches. 

e Fast switching and propagation speeds. 

e “Break-before-make” switching. 

e Applications: Audio and Video Switches, Synch. 
Detection, Video Mixing, RF Frequency Switch- 
ing, Data Multiplexing, Data Conversion, Data 
Transmission. 


HC/HCT 7046 
¢ Operating frequency range up to 17 MHz (fc) at 
Vcc=4.5V. 

e Built-in op amps for excellent linearity. 

e Op-amp buffered demodulated output. 

e A pin which indicates lock detect. 

e 2 phase comparators to choose from. 

e Applications: FM Modulation/Demodulation, 
Frequency Synthesis, Frequency Multiplexing, 
Voltage to Frequency/Frequency to Voltage Con- 
version, Servo Control Systems, Data Synchroni- 
zation, Manchester Coding/Decoding. 
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SIGNALS & NOISE 


_ Battery suppliers 
don’t serve customers 


Dear Editor: 

The Special Report on backup bat- 
teries (EDN, October 30, 1986, pg 
132) is very timely. Mr Small’s cave- 
ats regarding lithium batteries are 
well taken, but he missed the most 
important one. From my experience 
during the past year, the service 
from battery suppliers, their repre- 
sentatives, and their distributors is 
really lacking in comparison with 
the service from suppliers of other 
electronic components. For this rea- 
son, I expect engineers to favor 
EEPROMs over CMOS static 
RAMs. 

Battery suppliers don’t under- 
stand electronic-component distri- 
bution: For distributors, they use 
specialists in batteries. The problem 
with this arrangement is that you 
can’t buy the batteries from the 


the market. 
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QUICK. 


Name the company that 
makes the fastest high-density 
CMOS and bipolar PROMs on 


(You're probably wrong. See page 182.) 


same distributors that sell you other 
parts. These special distributors 
charge a lot for batteries in low 
volume, such as hundreds. 

For some standard items in its 
catalog, Panasonic, for example, re- 
quires a minimum purchase of 400 
pieces. And the leadtime is 10 to 12 
weeks. To top it off, the order is 
nonreturnable. Rayovac offers the 
same part, but it doesn’t answer 
mailed inquiries, and its distribu- 
tors don’t call back with answers to 
quote requests. 

I could go on, but your readers 
will get my message. My caveat is 
that designers will spend more time 
on battery-sourcing problems than 
on the technical aspects of their 
backup-battery designs. I did, out 
of necessity. In frustration, I even 
wrote to the head of Panasonic’s 
battery division. But that was a 
waste of time. 


Supported 


DRAWER 1346 
BAY ST. LOUIS, MS 39520 


The Personal EPROM Programmer... 


MODEL 9000 
EPROM PROGRAMMER 


e Adds (E)EPROM programming to your PC based 
development system 


e Quick pulse and intelligent algorithms are 
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Good luck to all potential lithium- 
battery users. 
Sincerely yours, 
Edward W Rummel 
Robin Baker Associates Inc 
Short Hills, NJ 


Computers can’t 
replace good writers 


Dear Editor: 

Thank you for Rick Nelson’s editori- 
al “Don’t yield to computer-aided 
thinking,” which appeared in the 
October 16, 1986, issue of EDN (pg 
53). 

The very idea that the nuances of 
grammar, personal expression, and 
writing style can be stored on a 
floppy disk for instant retrieval is 
ludicrous, and the connotation that 
an inept writer can become profi- 
cient simply by processing mediocre 


copy through an electronic device is 
Text continued on pg 34 


e PGMX software is DOS resident and installs 
in just minutes 

e Programming support for Currently 
manufactured devices . . . as well as 
many “‘TBA’’ devices! 


Also available — Personal EPROM systems, CEM programmers, and production programmers/duplicators 


G TE K ac 501-467-8048 


GTEK, PGMX, MS-DOS. PC-DOS are reg 
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BUILDING BLOCKS. 
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4SS-5112 


Six new Sprague power operational amplifiers meet the growing need for monolithic 
linear interface drivers by providing a low-component-count solution to high-current 
design challenges. The new devices are capable of driving 
loads up to +3.5 A and £20 V. These single and 
dual-channel power op amps are universal 
building blocks that merge the versatility of 
small-signal op amps with the brute force 
capability of power drivers. Comprehensive protective features are provided 
on-chip. Recommended applications include use with servo systems, de 
motors, single and multi-phase ac motors, disc drives, audio systems, CRT 


deflectors, and voltage regulators. Sprague Electric Company, a Penn Central unit, World Headquarters, Lexington, MA. 


For Brochure WR-206 and applications information on Power Operational Amplifiers, write to 3... 
Technical Literature Service, Sprague Electric Company, 41 Hampden Road, P.O. Box 9102, }y SPRAGUE 
THE MARK OF RELIABILITY 


Mansfield, MA 02048-9102. For applications assistance, call Ron Lutz at (617) 853-5000. 
CIRCLE NO 29 


ACG 7 


x 
ee 


_ With its 150 MHz bandwidth, 5 ns/div max- 
imum sweep speed and 2-channel simui- 

taneous acquisition, the 2430 displays TTL 
and ECL signals for risetime and coinci- 
dence measurements. (Above) The scope 
is uSed in 50 ohm input termination with a 
200 ohm probe for an accurate measure- 
ment of propagation delay through an ECL 
inverter. 


How long does it take a transformer to 
reach operating voltage? Using DELAY BY 
EVENTS, the 2430 lets you select the 
294th (or any other) switching event of the 
pulse-width modulator in a high-efficiency 
power supply. 


A new lek patented feature, SAVE ON 
DELIA instructs the 2430 to compare 
incoming acquisitions against a user 
defined reference and save it in the event 
of a difference. You can catch intermittent 
failures automatically and implement auto- 
matic tests with improved repeatability. 


sSTORAGE 
acquine = SAVE 


capabilities come powerful waveform 
manipulation functions ranging 
ina from waveform multiplication to high- 
ets some resolution averaging. _ 
with a 150 MHz band- It is also fully programmable 
@) via the GPIB. Complete talk/listen 
capabilities extend the scopes | 
power and make it a valuable sys- 
tems component for making auto- 
_ matic measurements. You can 
____ develop test procedures thal can be 
___used later on the manufacturing floor. 
| us. the time-consuming task of 
ith waveform characterization, analysis 
and logging is simplified. 
. ___ In addition, the 2430 can store 
| waveforms and front panel setups in 
nonvolatile memory. 
The 2430 exhibits unusual power 
asa troubleshooting tool. [he 
patented peak detection circuit lets 
you capture glitches as narrow as 
_ 2ns at any sweep speed with 
~ confidence—a level of performance 
available until now in only the most 
expensive instruments. _ 

_ The 2430's envelope mode, which 
automatically captures and updates 
signal minimums and maximums, 

allows you to conveniently study sig- 
nal variations such as jitter, drift and 


sions outside user-defined limits. 
Plus, a broad range of pretrigger 
selections available in all modes 
makes it possible to examine condi- 
tions leading up to an event. The 
crystal-controlled timebase allows 
you to delay by time and/or events 
as for precise timing measurements 
.C glitches won't escape you with the in complex triggering modes. You 
nhanced ENVELOPE function. can even trigger on digital words. 
2 agpe ohamcplie a Best of all, we’ve kept the 2430 
n hoagie acquisition, at any easy to use. From the simple, one- 
se Css level menus for standard functions 
ss to the comfortable grouping of the 
front panel controls, the 2430 was 
designed to drive like the scopes 
you already use. 
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stability. It also monitors signal excur — 
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SIGNALS & NOISE 


an insult to the writing profession. 
Sincerely yours, 

Thomas J Fournier 

Technical Writer 

~The DeVilbiss Co 

Ann Arbor, MI 


Readers’ comments 
@ On writing 

“Deborah Asbrand’s article on 
writing [“Learning to write well 
helps engineers overcome anxieties 
about communicating,” EDN, July 
24, 1986, pg 263] is a much better 
piece of writing than most other 
articles about writing that I have 
read. However, the article makes no 
reference to the possibility that 
most engineers lack the experience 
of good reading, which might better 
be found in a liberal arts 
curriculum.”—A M, Bellevue, WA 


‘riting is simply an extension of 
thought process; writing per se 


“-‘to/sys: the last 


can’t improve (and especially can’t 
be taught) if the engineer doesn’t 
think clearly.”—-B A, Randolph, NJ 


@ Misnomers 

“While you are (correctly) flinging 
rocks at those who misapply termi- 
nology [see “Misapplication specif- 
ic,” EDN, May 15, 1986, pg 47], I 


ul a. ~ a 


tle) 


“HE’S GOT THE INFORMATION YOU 
WANT . . . YOU SHOULDN'T HAVE ANY 
TROUBLE FINDING HIM.” 


e, ‘o,oduct line 
@ M4, : 


cy 


¢ Links to 


¢ A truly ROM’able 
the IBM-PC 


C Compiler for 

each CPU card * Prototyping 
*PCDOS and CP/M Packages 

* Turnkey Systems 
Call or write for your FREE copy 

of the Micro/sys STD BUS Product 
Selection Guide. It’s the best starting 
point for your next design. 


, 
aN MICRO/SYS 


11 Grand Central Avenue 
ndale, CA 91201-3010 


Le he 244-4600 + TLX170788 


.e] 
“lemark of International Business Machines Corp. 


suggest that you fling a few also at 
those who use the term ‘system’ for 
two simple components or use 
‘media’ to refer to a single recording 
medium.”—M A, McLean, VA 


Battery information 


Please note the following correc- 
tions to the Special Report on back- 
up batteries (EDN, October 30, 
1986, pg 132). First, the article in- 
correctly states that “... because 
of potential problems from polluting 
chemicals, possible explosions, and 
other handling problems, you can- 
not get UL recognition for thio- 
nylchloride lithium batteries.” In 
fact, Union Carbide’s Battery Prod- 
ucts Div, the predecessor of the 
present Eveready Battery Co, was 
granted UL component recognition 
on a thionylchloride lithium battery 
on March 16, 1983. This recognition 
is still in force. 

Further, the phone number listed 
in the article for Eagle-Picher In- 
dustries Ine (pg 148) is incorrect. 
The correct number is (417) 776- 
2256. 


YOUR TURN 


EDN’s Signals and Noise column pro- 
vides a forum for readers to express 
their opinions on issues raised in the 
magazine's articles or on any topic that 
affects the engineering industry. Send 


your letters to the Signals and Noise 
Editor, 275 Washington St, Newton, 
MA 02158. We welcome all comments, 
pro or con. All letters must be signed, 
but we will withhold your name upon 
request. We reserve the right to edit let- 
ters for space and clarity. 
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STOP WISHING 
FOR THE IMPOSSIBLE IN 


1 
Complex, state-driven triggering at 200 MHz 
2 
Symbolic, real-time software debugging 


Simultaneous integration of multiple microprocessors. 


4 


100 + channels of acquisition at 2 GHz. 
<) 
ication at up to 50 MHz. 
6 | 
Functional board testing at an affordable price 


Easy ASIC device verif 


@ 
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Event Name: delay 
Time 6597 main + 2F7C 4EB9 JSR ser_io 


Data Mnemonics 


1788.8 6791s ser_io + 84 61FC BSR put_byte (U) 
1688.8 6871 put_byte + 42 4£75 RTS tu) 
1508.8 i —9680-——ser_io + 12A6—4EB9———_—— Jsk ——de1 ay —_______——_ tu) 
11699 delay + 76 4E75 RTS (U) 
11796 = ser_io + 1324 © 61FC BSR comm_tst (UW) 
11899 = comm_tst + 76 96 4E75 tu) 


NWOGGOhy 


Cursor Seq: © . 
Seq ‘Address Data Mnemonics State 


eee a en en ee ee ee en ee ee a ee a a 


14697 io int + 10@ 200F MOVE.L (A7)+,D3 (3) 
@AFB26 Bae8 { READ ) {s) 
GAFB2s 6e4B { READ } {S) 
~14698-———io int + 1C@——211F ——--—- MOVE .L— (A7) + ,D4-— 
eAFB2A eaa6 { READ ) (S) 
@AFBeC 6@AB { READ ) (5) 
14761 = io int + 104 09 4E73 7c (s) 


eee ne a a a 


; 6 i 2 3 4 5 6 is 
EORICEES values outside displayed ranges Suple Sizer 9447 Data 88980900 BEERREEE Se7CRB2A BaBDEG4B BEaEBAS seRABEGe aoBaBDG BaRB000 
OF iz. 3c 


ale: fue ——— — Address @@A@BEB6 BG2EC7FB BaBABeRe BREBEGeR BaBRGAGD aRaBBA0 aEeasaREe GEFE7C2S 
Median Range: 760-888 uS Std. Dev.: 225 uS . — 


In every dimension—speed, 
_ channel width, memory 
h, trigger capability, 
anorhk and ease of 
_use—the DAS9200 dwarfs 
_ what's been possible before. 


S _ The DAS9200 features a 

2S cS tightly coupled, high-speed 
architecture in which multiple 
Card modules can act as a sin- 
gle unit. Large color-coded ce : 
displays, DOp-Up Menus, per : 
formance analysis graphs, 


multi-tasking and more 

combine to uncomplicate Bee 

logic analysis. a oe oe mais 
Apply state-driven | - 
triggering at 200 pe 


You can assurance-test hig 
speed logic at full soeed, u: 
4-level state tracking and 
high speed counter/timers 
integrated into the 92A16 
timing board. 
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68166111106@ = xxxxxxxxxxxx 3 1 
2@ 161111611818 = s»oxx«xxxxxxxx. 1 
3 168116196000 xxxxxxxxxxxx iI 
4 zzzzzzzzzzzz 11111111611 8 
S zzzzzzzzzzzz 480181 860111 6 
6& wzzzzzzzzzzzz 116161111¢8e@ 6 
? i<zzzzzzzzzzzz $6081 861188 26 
@ <zzzzzzzzzzz 18198°819160 6 


Zzzzzzzzzzzz_-_s«s @G188 18111 8 eessse & 
wzzzzzzzzzzz_—s«si111111@1111 86 863576 
Zzzzzzzzzzzz ss @BBSBV 111111 6 174131 
ZZZZZZZZZZZZ Wi1111111111 @ 
zzzzzzzzzzzz_=—s«d14@181111181 6 
161911811816  xocoococoxx i 
111111191811 

191111818161 

111161111611 

111918101191 KKXXKXKKKKKX = I 
111111198980 = x2mCOCKKOOOx 1 
111116618111 


Results of the ASIC Sonning Syslog e can be siaplaved 
in timing or state format, with differences from expected 


results clearly highlighted. 


The DAS9200 is available 

as a low-cost turnkey 
ASIC device verification 
system. 


Featuring 50 MHz pattern 
generation, 8K bit vector depth, 
1 ns edge placement and 
0.5 V/ns slew rates, it is an 
accessible, easy-to-use alterna- 
tive to centralized systems. 


You can link to popular logic 
simulators, download test vec- 
tors, call up split-screen dis- 
plays and analysis graphs, 
utilize multiple sets of patterns 


Copyright © 1986, Tektronix, inc. All rights reserved. LAA-365 


FASé 


BENCHTOP ASIC OR | 
—ISOUR COMMAND! — 


SYRALIRESBRSRT Me 


and parameter sweeps, and 
display results in timing or state 
format, with anomalies clearly 
highlighted. 


The DAS9200 frees 

circuit board functional 
testing from costly and 
complicated central test 
systems. 


Configure up to 1008 chan- 
nels of stimulus at 50 MHz with 
8K bits/channel of pattern 
memory. Up to 540 channels of 
acquisition at 20 MHz with 32K 
bits/channel memory. Or many 
other combinations. 


processor microcode or th 
to tackle once-difficult prob 


Time-correlated module 
interactions let you use data 
acquired by one acquisition | or 

stimulus module to change — 
the activity of another for more 
realistic conditional testing... 
all for under $700 per /O pin! 
Compare your wish lis 
against the complete list o 
DAS9200 capabilities. Con: 
tact your Tek sales enginee 
the full story and the hands-o1 
proof. Or call toll-free od more 
information. 


1 (800) 245-2036 _ 
In — Vea 1220. 


COMMITTED TO EXCELLE = 


PMI PRESENTS: 


PRECISION 
— AT 20uA MAX. 


i] 
> 


( 
i 


homonyms Pe 


Introducing PMI's micro- 
power OP-90, featuring 
OP-07 precision at 1/200 
the power. 


Input and output ranges _ OP-90E 


include ground, allowing Vey +16 to 436 V Min/Max 


zero-1n, Zero-out 
capability in single-supply Vout Oto(Vsy—O8V) V 


applications. Icy 20 uA Max ' 
The OP-90 delivers 5mA lout 5 mA Min : ' For more information on PMI’s 


uV Max | precision OP-90, please circle 
pee aaa : the inquiry number. Or, call us. 


Be a eee (mV Mun GE 1-800-843-1515. In California, 

: So : 1] 1-800-826-9664. 
amps and still get the DC [| | e One ¢ ee 
performance you require. : Precision Monolithics Inc. 


A Bourns Company 
Santa Clara, California, USA 
408-727-9222 
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Some companies are better at making promises than 
they are at making controllers. 

Fortunately, Adaptec offers a real alternative. Real 
SCSI products. Including high-performance SCSI controller 
boards, chip sets, tape controllers, host adapters and more. 
All of the highest quality. And all available in volume. 

In short, you'll find a full line of SCSI solutions for 
all kinds of applications. From Macintosh" computers to 
multi-user, multi-tasking supermicros. Of course, our SCSI 
controllers work with all kinds of drives, too. From S1-506 
to ESDI to ESMD. 

But then, coming from the creators of SCSI, that hardly 
comes as a surprise. 

You see, we have a history of industry firsts. Including 
the first non-interleaved SCSI controller. The first 2,7 RLL 
SCSI controller. The first multithreaded SCSI controller. 

And, now, were the first to offer a system solely for 
debugging, testing and qualifying SCSI products. Aptly named 
the SCSI Development System. 

To find out more about our complete line of SCSI 
products, call us at 408-432-8600, ext.400. Or write Adaptec, 
Marketing Department (TH), 580 Cottonwood Drive, 
Milpitas, CA 95035. 

Because there’s no substitute for the real thing. 


adaptec 
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FROM THE PEOPLE WHO 
WROTE THE BOOK!" 


IBM PC COMPATIBLE 
MIL-STD-1553B INTERFACE 
MODEL BCU/PC-1553 


Programmable operating modes 

-Bus Controller 

-Remote Terminal 

-Bus Analyzer 

-Diagnostic 
Performs message processing and protocol 
definition tasks such as polling and bran- 
ching independently of the PC processor 


80186 microprocessor-based 

32 Kbytes of on-board RAM 
Programmable DMA transfers and interrupts 
External scope sync output/trigger input 
Dual redundant operation 

MS/PC-DOS software 

single IBM® PC form factor circuit board 


"SCI Systems, Inc. under subcontract to Boeing Aerospace Co. 
co-authored the MIL-STD-1553 Multiplex Applications Handbook 
(MIL-HDBK-1553) under AFCS Contract F33615-78-C-0112 


IBM is a registered trademark of International Business Machines Corporation 


SCi TECHNOLOGY, INC. 


8600 S. Memorial Pkwy « Huntsville, AL 35802 
(205) 882-4251 ¢ TWX: 810 726 2234 SCI HTVL 
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CALENDAR 


Dexpo Europe (European DEC- 
Compatible Exhibition and Confer- 
ence), London, UK. Expoconsul In- 
ternational, 3 Independence Way, 
Princeton, NJ 08540. (609) 987- 
9400. March 8 to 5. 


CARTS ’87 (Capacitor and Resistor 
Technology Symposium), Garden 
Grove, CA. Leon Hamiter, 904 Bob 
Wallace Ave, Suite 117, Huntsville, 
AL, 35801. (205) 536-1304. March 9 
LO AZ, 


Fourth Topical Meeting on Optical 
Data Storage, Lake Tahoe, NV. 
Optical Society of America, 1816 
Jefferson Pl NW, Washington, DC 
20036. (202) 223-0920. March 11 
to 13. 


Design and Manufacture of Sur- 
face Mount Technology (symposi- 
um), Longmont, CO. New Techno- 
logies and Design, Box 376, 
Longmont, CO 80502. (303) 651- 
2535. March 12 to 13. 


Northeast Bioengineering Confer- 
ence, Philadelphia, PA. IEEE, 6411 
Chillum Pl NW, Washington, DC 
20012. (202) 785-0017. March 12 
to 18. 


Personal Computer Interfacing 
for Scientific Instrument Automa- 
tion, Blacksburg, VA. Linda Leffel, 
CEC, Virginia Tech, Blacksburg, 
VA 24061. (703) 961-4848. March 12 
to 14. 


Modern Electronic Packaging, 
Torrance, CA. Technology Semi- 
nars, Box 487, Lutherville, MD 
21093. (801) 269-4102. March 16 
to 18. 


International Military Fiber Optic 
and Communications Exposition, 
Washington, DC. Information Gate- 
keepers, 214 Harvard Ave, Boston, 
MA 02134. (617) 232-3111. March 16 
to 19. 


CIM in Practice—Company Ex- 
periences, Seattle, WA. Society of 
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There Has to Be a Reason. 


$90 SEO SENERCSISENS SIRENS 


Actually, there are several 
reasons POWER-ONE has again 
been voted BUYERS’ TOP CHOICE 
in the prestigious Top 100 Com- 
ponent Suppliers annual survey 
conducted by Electronic Buyers 
News. Reasons such as high quality, 
competitive pricing, large selection, — 
dependable service, availability, 
and on-time delivery ...to name ~ 
just a few. = _ 

dd 
ene 


All together, they a 
one single reason—CUS 
_ SATISFACTION. For 3 


MER 


requirements. As the industry 
leader in 1986, we promise even 
_ greater customer satisfaction in 


Number One for Three Straight Years! 


years, POWER-ONE has achieved 
the lofty position as Number One 
in OEM Power Supplies. We thank 
those who continue to support 
us, and we urge others to see for 
themselves why POWER-ONE 
receives top rating, year after year 
after year. 

Call us today for immediate 
response to your power supply 


Fol ous noe 108 Comics, 


LINE: (800) 235-5943, Ext. 113. From 
California: (800) 421-3439, Ext. 113 


“Innovators in Power Supply Technology” 


0.0. POWEr SUPPLIES 


POWER-ONE D.C. POWER SUPPLIES 

740 Calle Plano « Camarillo, CA 93010-8583 
: Phone: (805) 987-8741 
TWX: 910-336-1297 « FAX: 


(805) 388-0476 
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A Division C Technology 

- 12832 Chadron Ave. 

_ Hawthorne, CA 90250 
2130781160 t—ts 
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CDS-Series 


Miniature 


ae ° 


a Low Profile of 580” seated height saves space behind the 
panel and on the PC board 


a Exceptionally Bright LED backlighted nomenclature is 
readable from almost any angle 


a Long Life sealed construction eliminates dust and moisture <l 
contamination, ensuring trouble-free switch operation %0, 


a Available off the shelf from Mepco/Centralab or authorized 7 
Distributors at competitive prices ACTUAL SIZE 


MEPCO/CENTRALAB 


A NORTH AMERICAN PHILIPS COMPANY 


Highway 20 West, P.O. Box 858, Fort Dodge, IA 50501 Telephone (515) 573-1300 
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CALENDAR 


Manufacturing Engineers, Comput- 
er and Automated Systems Associa- 
tion, Greater Seattle Chapter #282, 
Box 1445, Renton, WA 98057. March 
17 to 18. 


Computer Graphics ’87, Philadel- 
phia, PA. National Computer 
Graphics Association, 2722 Merrilee 
Dr, Suite 200, Fairfax, VA 22031. 
(703) 698-9600. March 22 to 26. 


IEEE VLSI Test Workshop, Atlan- 
tic City, NJ. Wesley Radcliffe, IBM, 
East Fishkill Facility, Bldg 321- 
5E1, Dept 277, Hopewell Junction, 
NY 12583. (914) 894-4346. March 24 
to 25. 


Southcon, Atlanta; GA. Electronic 
Conventions Management, 8110 
Airport Blvd, Los Angeles, CA 
90045. (218) 772-2965. March 24 
to 26. 


Internepcon/Semiconductor Ko- 
rea ’87, Seoul, Korea. Cahners Ex- 
position Group, Box 70007, Wash- 
ington, DC 20088. (301) 657-3090. 
March 26 to 28. 


ADEE West ’87, Anaheim, CA. 
Cahners Exposition Group, 1350 E 
Touhy Ave, Des Plaines, IL 60017. 
(312) 299-9311. March 31 to April 2. 


Defense Communications Agency 
Forecast to Industry, White Oak, 
MD. Armed Forees Communica- 
tions and Electronics Association 
NOVA Chapter, Computer Sciences 
Corp, 6565 Arlington Blvd, M/C 
DCA/AFCEA, Falls Church, VA 
22046. April 1 to 2. 


Microtronics ’87, Hannover, West 
Germany. Hannover Fairs USA, 
Box 7066, Princeton, NJ 08540. 
(609) 987-1202. April 1 to 8. 


Invitational Computer Confer- 
ence, Nashua, NH. B J Johnson & 
Associates, 3151 Airway Ave, 4C-2, 
Costa Mesa, CA 92626. (714) 957- 
0171. April 2. 
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sf Barely two years after 
eee introductionofthefirst 
MULTIBUS* II board, this 

advanced bus architecture — : 
‘is enjoying support unequaled 
_byany multiprocessor 
oe bus ever. _ a 
YEARS FROM INTRO — _ Already, more than 75 
So dfacturers— including all these —are delivering or | 
developing MULTIBUS II products. 
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Our line of electro optic 
components is backed by 
years Of experience in fiber 
optics. We've designed and 
manufactured hundreds of 
reliable fiber optic products, 
representing many signifi- 
cant advancements. 
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And with Siecor, you not 
only get all that expertise, you 
get everything you need for 


tiber optic data transmission. 


Including the 200 MBaud 
data link with excellent sen- 
sitivity and wide dynamic 
range. Clock recovery mod- 


ules with precision SAW 
filters. Reliable couplers and 
W DMs that feature low loss 
and mode independence.And 
compact fiber optic switches 
which pass stringent tests 

tor vibration, shock and term- 


perature while maintaining 
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superior repeatability at the electro optic components =~ 
high switching rates. you ve been waiting for 
With Siecor, youve got the Call or write us. Siecor 
tools you need to expand the Corporation, Electro-Optic 
existing boundaries of com- Products, Post Oftice Box 


eke to right: 200 MBaud transmitter, fiber 
optic switch, WDM, ‘T-coupler with pigtail. 


puter systems design. So get 13620, Research Iriangle Park, 
with a company that’s come North Carolina 27/09-362o. SIECOR 
avery long way to bring you Telephone 919/949-60/1. 
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Improved signal 
conditioner for position 
sensing transducers 


We are offering a precision — signal 
conditioner, the SE/NE5521, for use with 
position sensing transducers such as linear 
variable differential transformers (LVDTs, 
linear phase differential transformers 
(LPDTs), and rotary variable differential 
transformers (RVDTs). The 16-pin IC offers 
many features suitable for a wide variety of 
applications such as: position sensing of 
aircraft rudders, flaps, or ailerons; brake 
sensing, throttle position, and fuel level 
gauges in_ transportation; precision 
weighing devices; and automated guidance 
systems and robotics. The circuit consists of 
three major building blocks: a sine wave 


oscillator with programmable frequency, a 


synchronous demodulator and an auxiliary 
amplifier. The oscillator has been designed 
for low distortion, stable amplitude and 
programmable frequency operation over 


time and temperature so that compensation 
for these parameters is no longer neces- 
sary. Design engineers no longer need to 
create circuitry to drive a transducer or 
convert its output to a d.c. voltage. Instead, 
the SE/NE5521 signal conditioner accepts 
parameters such as weight, force, pressure 
and acceleration which have’ been 
converted to linear displacement or linear 
rotation. The displacement or rotation infor- 
mation is conditioned by the IC to provide 
accurate measurement of the particular 
parameter. 

Three versions are available: the NE5521 in 
plastic or cerdip DILs and SO mini-packs for 
the commercial temperature range (0 to 
70 °C; the SA5521 in plastic and cerdip DILs 
for the automotive temperature range (—40 
to 86 °C) and the SE5521 in cerdip DILs for 
the extended temperature range (—55 to 
125 °C). Allthree versions offer an accuracy 
of 0,1 % in the linearity error over a supply 
voltage range of 5 to 20 V. 
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Philips enters the 256 Kbit CMOS EPROM market 


Philips, one of the world’s leading suppliers 
of quality integrated circuits, has made a 
major entry into the CMOS EPROM 
marketplace with the introduction of their 
256 Kbit EPROMs. The 27C256 is available 
now in production quantities, joining the 
27C64A, a 64 Kbit CMOS UV EPROM 
released for production in July 1986. The 
2/C256 and the 27C64A are ideal for single 
or multiple chip microcomputers, portable 
test equipment and communications 
devices such as remote and cellular 
telephones where low power, non-volatile 
memory is required. Following suit with their 
history of being a broad line supplier, Philips 
plans to offer an entire family of CMOS 
EPROM products. The company also plans 
to use the newly-acquired CMOS EPROM 
process, the result of a_ technology 
agreement with Intel Corp., to develop other 
semiconductor products in their 
Programmable Products Group. The front- 
end manufacturing for both the 27C256 and 
2/7C64A is located in the company’s state- 
of-the-art Albuquerque, New Mexico 
CMOS fabrication facility. 

The 27C256 is organized 32 K words by 8 


Electronic 
components 
and materials 


PHILIPS 


& 


bits and is available in 170, 200, 250 and 
300 ns speed grades while the 27C64<A is 
organized 8K words by 8 bits and is 
available in 200, 250 and 300ns speed 
grades. Both devices consume a maximum 
of only 55 mW of active power when driven 
with CMOS signals; standby power 
consumption is just 550 wW. The 27C256 
and 27C64A offer high latch-up and noise 
immunity as a result of Philips’ epitaxial 
CMOS processing. 

Fully interchangeable with  industry- 
standard CMOS and NMOS devices, the 
Philips’ 27C256 and 27C64A can be 
programmed with standard EPROM 
programmers using a 12,5 V programming 
voltage. The 27C256 and 27C64A are 
packaged in standard 28-pin ceramic dual- 
in-line packages with a quartz window. Both 
devices are guaranteed over the 
commercial temperature range of Oto 70 °C. 
The 27C64A is available in extended 
temperature versions now; for the 27C256 
these versions will be available shortly. 
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Power amplifier modules 
simplify design of 
portable cellular radio 
handsets 


We are introducing two new_ ultrahigh 


frequency power amplifier modules, the 
BGY95 and BGY96, which each form a 
complete 3-stage radio frequency power 
amplifier, including bias circuits, in900 MHz 
handheld cellular radio sets. The devices 
are optimized for operation at two different 
voltage supply standards to give OEMs 
maximum flexibility of handset design 
choice —the BGY95 operates from 7,5 Vand 
the BGY96 from 9,6V. Both modules 
produce 2,5 W of output power, more than 
any competing module in the marketplace 
for this category of handheld equipment. 
The output power can be controlled-down 
by d.c. voltage control to a mere 6 mW, a 
requirement demanded by modern cellular 
radio systems specifications. 

For the frequency range 825 to 845 MHz 
(North America), the BGY95A and BGY96A 
are available. For the frequency range 860 to 
915 MHz (the European standard) the 
BGY95B and BGY96B are available. The 
modules are in a seven-lead package and 
each consists of three npn silicon planar 
transistors mounted ona metallized ceramic 
substrate together with matching and bias 
circuitry. They are designed for operation 
into 50 Q loads over the specified frequency 
bands. The 50 0 impedance values, both at 
the input and the output connections of the 
modules, facilitate the design of the 
Surrounding circuitry and reduce the 
required space for external matching 
circuitry. 
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Expanding programmable logic sequencer line covers 
more circuit connection configurations 


We are announcing the addition of two new 
devices to our bipolar field programmable 
logic sequencer range which allow 
designers to implement more complex state 
machines with programmable 10-bit 
embedded state registers. Application 
areas for the 24-pin PLS168 and PLS168A 
include interface protocols, sequence 
detectors, peripheral controllers, tuning 
generators, sequential circuits, elevator 
controllers, security locking systems, 
counters, shift registers and high-speed 
A-D converters. The PLS168 and PLS168A 
contain logic AND-OR gates with user- 
programmable connections which control 
inputs of on-chip state and output registers. 
With the addition of these devices the 
Philips PLD range, consisting of over 20 
devices, now encompasses the complete 
gamut of device configurations and connec- 
tions. Only Philips offers the unique function 
of embedded programmable S-R registers. 
Similar in architecture to the 24-pin PLS167 


and PLS167A, the new devices have 48 
transition terms which control the on-chip 
S-R (Set-Reset flip-flop) state and output 
registers. The PLS168/168A each have a 
total of six internal feedback registers that in 
combination with four registered output 
feedback paths provide 10-bit state 
machine capability. The new __ logic 
sequencers offer the same number of tran- 
sition terms as the 28-pin 82S105/105A 
Field Programmable Logic Sequencer 
(FPLS) that has 16 dedicated inputs. 

The PLS168 and the enhanced speed 
version, the PLS168A, with maximum clock 
frequencies of 13,9 and 20 MHz respec- 
tively, are designed for direct replacement of 
random logic clusters containing Schottky 
TTL gates and flip-flops. The embedded 
S-R flip-flops in the PLS168 inherently 
provide the ‘hold’ state necessary when 
using any controller function. 
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One-chip GTO with diode provides performance, 
protection plus savings 


A series of 15A Gate Turn-Off (GTO) 
thyristors just announced by Philips 
features an anti-parallel diode integrated on 
each chip. The three devices of the BTV60D 
series not only cost less than the equivalent, 
separate components — they also occupy 
less space, are more reliable and are quicker 
and easier to build into motor control 
circuits. The BTV6OD series is designed for 
use in high-frequency inverters, power 
supplies and PWM a.c. motor control 
systems dissipating up to 11 kW and 
requiring an anti-parallel-connected 
flywheel or efficiency protective diode. 

Characterized by a very fine cathode 


structure which allows for fast, efficient 
current control, the BTV60D thyristors can 
switch off an anode current of up to 120 Ain 
less than 300 ns. The protective diode’s 
reverse recovery time is 600 ns. The three 
types available offer repetitive peak off- 
state voltages of 850, 1 000 or 1 200 V. The 
non-repetitive peak on-state current goes 
up to 240A, illustrating the rugged 
performance of the device. The average on- 
state current may be upto 25 A. Thedevices 
are supplied in the industry-standard, 
isolated TO-238AA package. 

The BTV60D series was developed from the 
company’s first second-generation GIO — 
the diodeless BTV60. Like earlier GTOs, 
these devices combine the best charac- 
teristics of both transistors and thyristors 
(i.e. speed, high forward voltage blocking in 
the off-state, high forward currents in the 
on-state). However, they can control much 
larger motors or replace twice the number of 
conventional GTOs. 
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Philips Electronic Components and Materials Division, 5600 MD Eindhoven, The Netherlands 


Speediest microcontroller 
offers user friendliness 


industry's fastest microcontroller family. The 
centrepiece of the family — the 8X401 micro- 


controller, implemented with emitter 
coupled logic (ECL) technology —combines 
speed, a high degree of flexibility with 
peripherals, and an expanded bit-orientated 
instruction set to accommodate many 
sophisticated applications. The 8X401 
offers a higher level of user-friendliness 
than preceding generations of microcontrol- 
lers. The 8X401 can fetch, execute, and 
generate the next instruction address for a 
20-bit instruction in a minimum of 150 
nanoseconds. Within one instruction cycle, 
the 8X401 can be programmed to input, 
merge, rotate, and mask single or multiple 
bit subfields, in addition to performing an 
ALU operation. This capability is between 10 
and 100 times faster than solutions based on 
general-purpose MOS microprocessors or 
microcontrollers. The new microcontroller 
is the successor to and 35% faster than the 
popular 8X305 device, up until now the 
industry's fastest 8-bit control-orientated 
solution to real-time processing needs in 
data communications, robotics, industrial, 
space and military applications. The 8X401 
has a slow clock request making ‘it 
downward-compatible with slower-speed 
peripheral devices in the family. This allows 
8X305 users to upgrade performance 
without changing their designs. 

The new family provides a complete 
microsystems approach to high-speed 
controller solutions while at the same time 
expanding the horizon on system perform- 
ance. Based on the popularity of the 
system’s predecessors and the significant 
improvements of the new device, the 8X401 
family will be a leading choice for system 
designers for the remainder of this decade. 
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Now there’ a 956MB drive 
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If you're putting together multiuser or other high-end 
systems, Seagate has the manufacturing experience 
to deliver dependable, high-capacity 5%” drives — 
whether you need 10 or 10,000. 

Through precision production, our ST4096 hard disc 
drive provides 80MB of formatted capacity and stands 
up to rugged industrial environments as well as data- 
intensive office use. 

for frequent and rapid data retrieval, the ST4096 has 
28 ms average access time and 78,336 bytes per cylinder. 
Integration is handled through a standard ST412 inter- 
face, and a linear voice coil actuator ensures precise 
recording performance. 

Each drive is built with the same skill and reliability 
that have made Seagate the world’s leading supplier of 
9%" hard disc drives. People who demand performance 
have bought more than 5 million of our drives for small 
computer applications. 

If you want Seagate quality in a high-capacity drive, 
call Hamilton/Avnet at 1-800-4-HAMILTON. Or call 
Seagate at 800-468-DISC. In California, 800-468-DISK. 
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Artificial intelligence: 
Caveat emptor 
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In the 1930s, computer scientists proposed the theory of artificial intelli- 
gence (AJ) and captured the imagination of science fiction enthusiasts who 
bombarded the American public with such fictional mechanical servants as 
Robbie the Robot, the Jetson family’s maid Rosie, and Star Wars’ R2D2. 
Thus AI seems a familiar concept, thanks to our childhood Saturday 
afternoon matinees. 

This familiarity with the concept of intelligent machines has helped AI 
become a multibillion dollar industry—even though few off-the-shelf sys- 
tems use traditionally defined AI techniques, and even fewer commercially 
available expert systems provide more than a sophisticated checklist of 
things to remember. Accordingly, here are some helpful caveats for anyone 
testing the AI waters: 

e If you’ve never worked with AI, start small. Buy an inexpensive 
expert system shell to get a feel for the types of projects you could 
reasonably expect to pursue (see EDN, November 138, 1986, pgs 
91-100). 

@ Some projects are too simple to automate. An expert system should 
allow an untrained individual to perform a sophisticated task, but if 
that individual could accomplish the task faster by referring to a 
manual, don’t waste your time building an expert system. 

e Try to get a demonstration of the software before you buy it. As with 
any kind of software, the manufacturer’s claims might exaggerate the 
usefulness of the product. 

e@ Don’t be afraid to ask the manufacturer what the AI aspects of the 
product are. Just because software uses rules to order its database 
extractions doesn’t mean that an algorithmic approach isn’t the 
fundamental means for decision making. Ask whether the inference 
engine contains an interpreter and a scheduler, how conflicts in data 
or conclusions are resolved, whether the software provides nonmono- 
tonic reasoning, and whether the system uses symbolic processing. 

@ Once you find out what AI techniques are used in the product, 
determine whether such techniques actually enhance the product’s 
performance or if they are merely a marketing ploy. 

e@ You needn’t learn a specialized AI language such as Lisp or Prolog if 
you only want to build an expert system from a shell. These shells are 
actually user interfaces that buffer you from the internal mechanism 
of the software. You need to learn Lisp or Prolog only if you want to 
program in those languages. 

Software marketers hope to convince us that artificial intelligence is 
necessary because there isn’t enough of the natural variety to go around. 
Yet, computers are innately stupid. Granted they are fast, consistent, and 
tireless, but a computer never does more than it is instructed to do. It has 
no initiative, no creativity, and no common sense. AI researchers theorize 
that we can instruct a computer to be creative and innovative, yet with 
current technology this theory is valid only for narrowly defined tasks. 

So, for now, artificial intelligence and your computer's natural stupidity 
remain closely related. The novice who is investigating the array of 
“expert” products should take along a few extra grains of salt to make the 
software vendors’ claims palatable. 
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Freon’ 
Solvent 
Cleaners 


Select from high-purity 

Freon® based solvent 
cleaners anti-static sprays; 
flux removers; conformal 
coatings; release agents 
and more. 


Cry 


Freon’ Flux 
Removers 


Formulated for removal 

of all types of organic flux 
from PCB’s and other 
electronic assemblies. Add 
our unique Cobra® Solvent 
Spray Brush to convert the 
aerosols into efficient 
spot-cleaning systems. 


Conformal 
Coatings 


Since coating requirements 
are not the same for all 
applications, we offer you a 
choice of silicone, urethane, 
acrylic or varnish conformal 
coatings. All of our coatings 
provide excellent electrical 
insulation and moisture 
resistance. Available in 
convenient aerosol form. 


Wet Pads™ 


Use convenient Wet Pad™ 
high-purity pre-moistened 
solvent wipes. Freon® 
based cleaning solvents, 
CRT cleaners, and contact 
cleaners/lubricants are a 
few of the chemicals 
offered in Wet Pads™, 


A dry, non-toxic, 
non-flammable gas for 
removing microscopic dust 
and oxide particles from 
tape heads, PCB’s, optics 
and electronic assemblies. 


Conformal 
Coating 
Strippers 


Specially formulated for the 
removal of M-S coatings. 
Safely dissolves acrylic, 
urethane, silicone and 
varnish coatings without 
damage to most electronic 
components. We also offer 
strippers for epoxy systems. 
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Miller-Stephenson Chemical Co., Inc. 


Los Angeles 12261 Foothill Blvd., Sylmar, CA 91342 (818) 896-4714 Danbury George Washington Hwy., Danbury, Conn., 06810 (203) 743-4447 
Chicago 6348 Oakton St., Morton Grove, IL 60053 (312) 966-2022 Toronto 514 Carlingview Dr., Rexdale, Ontario M9W 5R3 (416) 675-3204 
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Choose quart, gallon or 
5-gallon sizes from our 


Contact! 
Connector 
Cleaners 


Safely remove dirt and 
oxide build-up on tape 


complete range of high- heads, gold fingers and 
purity Freon® solvents for ‘ connectors. Choose 
ultrasonic or bulk degreasing i . Magnetic Tape Head 
procedures. Residues are as iy _ Cleaner or Contact Re-Nu® 


in convenient aerosol 
or Wet Pad™. Also available 
with protective lubricants. 


low as 2 ppm. 


Select a fluorocarbon 
release agent for room 
temperature processing or 
heated molding application. 
These Teflon® type release 
agents contain no silicone 
oils and do not noticeably 
transfer to molded parts. 
Available in convenient 
aerosol or bulk packaging. 


Use our high-purity 
Quik-Freeze® for fault 
isolation, low temperature 
testing and component 
protection during solder- 
ing/desoldering. Also 
available in anti-static form 
for use on sensitive 
micro-circuits. 


hemical Co., Inc. 
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MAIL TO: Miller-Stephenson Chemical Co., Inc. EDN/2F 
George Washington Highway 
Danbury, Connecticut 06810 


We're certain that (C Freon® Solvent Cleaners NAME 
once you try OUr [4 Wet pads™ 
high-purity TITLE/DEPT. 


“1 [J] Freon® Solvents 
chemicals, you'll COMPANY 
want to keep using [ Contact/Connector Cleaners 
them. For complete 


ADDRESS 
product literature ae ee ee 
and free samples, [| Aero-Duster® 


ee a ne C1 Freezing/Fault Isolation Products 19. angeles 12264 Foothill Boulevard, Sylmar, CA 91342 (818) 896-4714 
203-7 23 AAA7. F L] Fluorocarbon Release Agents Chicago 6348 Oakton Street, Morton Grove, IL 60053 (342) 966-2022 
+ ean FOE Ci cent | Coati Danbury George Washington Highway, Danbury, Conn. 06810 (203) 743-4447 
technical service onigdne eanngs Toronto 544 Carlingview Drive, Rexdale, Ontario M9W 5R3 (416) 675-3204 
call 800-992-2424. [| Conformal Coating Strippers 
8—4 Eastern Time. 


Wet Pad™ Aerosol Bulk 


[] Freon® Flux Removers 
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No Other Company 
in the Worl 


...makes more — ae _ a e . Backplane/Cardcage 
packaging/ a 43 a Backrlans 
interconnection © Subracks 
products designed §#-—"" Sy. Test Adapters 
specifically for == et cn == | i Bor ge aPPable 
be ocomputer wae j — “S_+ Accessories - 

us systems. 


Rated #1 in Customer Evaluations 
¢ Signal transmission integrity 

¢ Lowest propagation delay 

¢ Lowest crosstalk _ 

¢ Highest power rating 


Proven Quality 

¢ Quality of design 

° Ouality of manufactured product 
a © computer tested 

¢ Traceability | 

¢ Five year limited warranty 


On Time Delivery 

¢ Order tracking 

¢ Effective shop floor control 
¢ JIT account reporting ; 


Delivered to Exact Customer Specifications 
¢ Customizing to special needs is an integral part 
of the Hybricon process 
. _ effective: Starts from extensive CAD data 
ase 
¢ Interactive: Continuous communication with 
customer 


Don’t Settle for Less... 


ee Hybricon 


12 Willow Road / P.O. Box 149 
Ayer, MA U.S.A. 01432-0149 
(617) 772-5422. TWX710-347-0564 
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TECHNOLOGY UPDATE 


Accurate, high-speed analog multipliers 
promise greater use of analog techniques 


Tarlton Fleming, 
Associate Editor 


Multiplication of analog quantities 
has always presented a challenge. 
To compound the intrinsic difficul- 
ties of analog multiplication, many 
of today’s potential multiplier appli- 
eations call for higher bandwidth 
and lower distortion than available 
products can deliver. Yet the advent 
of much faster analog multipliers is 
imminent. These devices will extend 
the use of gain-control multipliers, 
for instance, to circuits of higher 
frequency than ever before. 

Much of the demand for greater 
performance originates in military 
programs. In these applications, an- 
alog multipliers transform coordi- 
nates for plan-position-indicator 
(PPI) displays and fire-control sys- 
tems, and they perform gain con- 
trol, whether automatic (AGC) or 
manual, in radio, radar, sonar, and 
instrumentation systems. Gain-con- 
trol circuits employ a basic property 
of the analog multiplier: Although 
it’s a nonlinear device, the multipli- 
er presents a linear channel to el- 
ther input when you apply a con- 
stant control voltage to the other 
input. 

Analog multipliers have come a 
long way since 1953, when Philbrick 
Researches of Boston offered a 
quarter-square multiplier that was 
capable of multiplying two voltages 
in the range —50 to +50V. This $600 
unit, the K4-MU, measured 
17X7X5.25 in., weighed 20 lbs, and 
consumed about 70W. Today’s mon- 
olithic ICs do the same job much 
more quickly, of course, but the 
highest 3-dB bandwidth claimed for 
both inputs of these devices is well 
under 10 MHz. Even the hybrid 
Model 5890 from Optical Electronics 
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Capable of performing simultaneous multiplication and division or exponentiation in the 


range 0.2 to 5, this multifunction IC from Analog Devices, the AD538, offers an error spec of 
0.25% of reading and a 400-kHz small-signal bandwidth. 


specs just a 22-MHz small-signal 
bandwidth. 

A brief technical review of the 
development of analog multipliers 
shows how far they have come and 
what directions they may take. The 
original quarter-square technique 
was based on the following princi- 
ple: 


XY="“[(K+ YP-(X-YY. 


You obtain the product of inputs 
X and Y by performing those opera- 
tions on the right side of the equa- 
tion; op amps can accomplish all of 
these but the squaring operation (in 
itself a form of multiplication—in 
this design, you need a multiplier to 
build a multiplier). Early versions of 
the device employed the square-law 
relation between the plate current 
and grid voltage in a triode vacuum 
tube, and future designs may ex- 
ploit the analogous relation between 
channel current and gate voltage in 
a MOS transistor. Many of today’s 


quarter-square multipliers, howev- 
er, use a piecewise-linear approach 
that’s based on diode-breakpoint 
networks. The resulting cost and 
temperature sensitivity of these 
multipliers restricts them to appli- 
cations such as low-frequency power 
measurement. 

Also still in use are multipliers 
based on triangle-averaging and 
pulse-width/pulse-height modula- 
tion. These related techniques have 
historically provided higher accura- 
cy than that of the available alterna- 
tives, at bandwidths as high as 100 
kHz. Both types generate output 
ripple because they produce an ac 
waveform from which an rms output 
must be derived by filtering. 

In the pulse-height/pulse-width 
multiplier, one input varies the duty 
cycle of a pulse train, and the other 
controls pulse amplitude, so the 
area under each pulse is proportion- 
al to the product of the inputs. 
Intronics pioneered the first multi- 
plier of this type in 1966. Today, it 
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offers the M310 and M311 as 
3X3xX0.42-in. modules. The M311, 
for instance, provides 0.03% max 
nonlinearity (Y input) and 10-mV 
p-p max feedthrough, and it oper- 
ates over the industrial temperature 
range. It costs $281.60 (this and all 
subsequent prices are for quantities 
of 100). 

Among the earliest multipliers 
was an electromechanical type used 
in World War II, based on the multi- 
plying behavior inherent in a poten- 
tiometer: The wiper voltage equals 
the voltage across the resistive ele- 
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ment times the wiper position (ex- 
pressed as a fraction between 0 
and 1). 

In such a multiplier (Fig 1), the 
motor and error amplifier move R,’s 
wiper until the wiper’s voltage 
equals the input Vx. The wiper posi- 
tion then equals Vx divided by the 
fixed scaling voltage Vs, and the 
wiper of R, assumes the same posi- 
tion because the potentiometers are 
mechanically coupled. Therefore, 
Vour=XVy, where X is the wiper 
position Vx/Vs— that is, Vour= 
VxVy/Vs. 


l4 
= Ix — Alx) 


This design allows linear compo- 
nents (potentiometers) to perform 
the nonlinear function of multiplica- 
tion. You can also use nonlinear pots 
to generate nonlinear outputs such 
as trigonometric functions and their 
inverses, but in either case these 
multipliers are slow. The settling 
time for the Vx input is measured in 
seconds. 

Although these multipliers are no 
longer in widespread use, if you 
could emulate the movable wiper of 
a potentiometer within a silicon 
chip, you could make a fast, solid- 


SS antics ats aa of 2 a 2 transistor differential ampli- 
fier, while the Y input varies the rscipinnde: ie 
lle ! 


&) ee oe the sum of 
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state version of Fig 1’s multiplier. 
Barrie Gilbert devised a way to do 
just that in 1969 while working at 
Tektronix. Now with Analog De- 
vices, he may again champion the 
idea; such a multiplier would offer 
less noise and less thermally gener- 
ated error than today’s solid-state, 
translinear multipliers. 

Using conventional process tech- 
nology, you could fabricate the sili- 
con potentiometer by first creating 
a long, narrow bipolar-transistor 
structure. The collector’s buried- 
layer strip represents the pot’s re- 


ERROR 
AMPLIFIER 


hungry, and slow. 


and re is fe eallector sarmene Because the Y 
input varies the transconductance, this configura- 
____ tion became known as a variable-transconductance 
. multiplier. 
For this simple example, the fee log 


-— property not only makes multiplication possible, 

but makes the X input nonlinear as well, which 
-__ eonstitutes an unwelcome nuisance. Again, practi- 
eal multipliers based on Gilbert’s circuit avoid this 


drawback by providing a linear relationship be- 
tween the input and output currents. To accept 

_ voltages, these multipliers must include (among 
other things) a linear stage at each input to con- 

-_ vert the input voltage to a current. 

Notice that the base-emitter and diode-connected 


- transistor voltages sum to zero (Fig A) (translinear 
 -. circuits include one or more loops, each comprising 


an even number of forward-biased pn junctions. 

_ Half of these junctions must conduct in a clockwise 
direction, the other half in a counter-clockwise di- 
rection): 

—Vi- Via V2 V2. (1) 


af Each voltage is proportional to the logarithm of a 
 eurrent. Wor eruepe, 


vai), 


= ens Is; is the alk emitter-saturation current. 
Substituting these expressions in Eq 1 and ignor- 


_ - ing base es fe | 
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Fig 1—This World War II-vintage analog multiplier did the job, but it was bulky, power 


GSN 


Dividing each side by kT/q and rearranging yields 


Ll) _ (=) 
- tos Te) 


Because physically identical devices have equal Is, 


bo 8 
In te In 1; 
Therefore, 
1 _ ks (2) 
L k 


The last result shows a temperature-independent, 
linear relationship between the differential input 
current (I,—I,) and the differential output current 
(I,—I.). That is, assuming negligible base currents 
and perfect device matching, the diode-connected 
transistors’ log properties have perfectly compen- 
sated (that is, linearized) the relationship between 
collector current and base-emitter voltage in the 
other two transistors. 

To demonstrate that Fig A’s circuit multiplies 
the differential input current (Ix) by the control 
input current (ly), simply substitute the quantities 
in parentheses for the corresponding currents in 
Eq 2. You can simplify the resulting equation to 
obtain 


( Alx)ly 


Alour = E 
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REGION OF 
CARRIER INJECTION 


N-TYPE EMITTER 


P-TYPE BASE 


(a) THIN BURIED-LAYER STRIP 


Xo 


AREA = EMITTER CURRENT = Ie 


Fig 2—This structure (a) is one end of the long, narrow bipolar transistor that forms the 
foundation of an IC potentiometer. A Gaussian-shaped region of carrier injection (b) along 
the emitter actually behaves as a point of injection, thereby defining a precise position for the 


wiper. 
Es ES ae OE SELS 5) eae on OE ie Oh, ORES SEER OORT (5 A RE SETS So Se ey SE 


sistive element (Fig 2a), and a re- 
gion of intense minority-carrier 
injection along the emitter simu- 
lates the wiper position. Although 
the Gaussian-shaped carrier-injec- 
tion region occupies about 10% of 
the emitter’s length, the region’s 
centroid defines a precise point of 
injection that looks like an impulse 
of current (Fig 2b). 


(POSITION) 


The analogy with a linear, elec- 
tromechanical potentiometer is ap- 
parent in Fig 3, where the differen- 
tial output current Ip(1-X)-Ip(X) is a 
linear product of Ig and the norma- 
lized emitter position X. 

If you create a parabolic voltage 
distribution along the base, you can 
change the carrier-domain (wiper) 
position by tilting the parabola (Fig 


Fig 3—The differential output current I(1—X)—I;(X) corresponds to the electromechanical 
potentiometers wiper voltage, and Ig corresponds to the voltage across the pot’s resistive 


element. vidual transistors te add and sub- 
ss ee 
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4). You achieve tilting by controlling 
the voltages V, and V, at either end 
of the base; when V)=V,, for exam- 
ple, the wiper is at the midpoint 
(X=0.5). Unbalancing these volt- 
ages in either direction produces a 
smooth and linear change in X, al- 
lowing you to set the wiper any- 
where from X=0 to X=1. 

Finally, you generate the voltage 
parabola by injecting a sheet of cur- 
rent (Ig) into the base—that is, a 
constant current per unit of length 
of the base resistance (Rpg). The re- 
sulting voltage distribution has a 
peak value of IpRz/8, which estab- 
lishes the Vx input’s full-scale value 
and, consequently, the multiplier’s 
denominator scaling voltage. 


Wide bandwidth is coming 


For the more immediate—and 
more certain—future, new analog 
multipliers that will appear before 
mid-1987 promise a dramatic in- 
crease in speed. Analog Devices has 
scheduled the introduction of prod- 
ucts that will spec bandwidth in the 
hundreds of megahertz. The compa- 
ny’s last multiplier introductions 
were in 1983 (the AD539) and 1979 
(the AD632), partly because it has 
concentrated instead on process de- 
velopment expressly for the fabrica- 
tion of wideband analog multipliers. 
According to some observers, such 
components may help bring about a 
renaissance in the use of all-analog 
signal-processing techniques, par- 
ticularly for higher-bandwidth ap- 
plications. 

Today, perhaps the fastest analog 
multiplier commercially available is 
Optical Electronics’ $117 Model 
9890. Intended for video applica- 
tions, this hybrid, translinear device 
offers 4-quadrant operation and 
specs a typical 3-dB bandwidth of 22 
MHz for 100-mV pk signals. 

Burr-Brown carries an extensive 
line of analog multipliers, dividers, 
and multifunction converters. The 
hybrid multifunction converter 
($19.60, Model 4203J), for example, 
uses the log properties of three indi- 
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station, iBM AT/XT or Analog Workbench. Predesign- 
ed and characterized analog building blocks such as 


Analog Semicustom 


Made Simple: 


Ferranti Interdesign opens a new 
dimension to system level designers 
of analog circuits. Now you can enjoy 
the benefits of cost and size reduc- 
tions by designing directly onto 

~ silicon. It’ S never been easier. Ree | 
faster. : 


LOWER cosTs—A choice of nine” Macrochip 

arrays lets you choose the chip that matches ts 

your circuit eye. paying for un- SS 

used silicon! oo 

IT ALL ADDS UP - ‘to a new era in eet oo oe 
custom IC design. No time wasted with compo- ts 
nent level design. Analog circuit design onto silicon 
: , ; has never been ae And premeten ae start ee 
Anew dimension in system | level design. $1 each in volume. = oe 
tl You can start using Macrochip totay ny calling your 
~ CAD—Macrochip™ is a new ar 109 Ser 
oe eo ae ne : nearest Ferranti Interdesign Sales Office, Design — 
design system that you can use on your Mentor work Center Or call us direct at ( 408) 438- 2900 for more 
information. 


a Sicrochis — 


| — Op- -amps, ‘comparators and timers can be called up 


from the Macrochip library. Connect them together 
-_with active and passive components from the library 


a “FAST TURNAROUND—Once your aces is ; complete 
send us the disk and we Il return. prototypes in as lit- 


and ay the oeei0n, eee at oe own ony gapauann | EE DD A . \ TT 
Silicon ee : 


. tle as four weeks. If you prefer, you can. as the ee Ferranti inresson Inc., Sain deat: Pp. 
g and aug yours ae 1500 Green Hills Road, Scotts Valley, CA 95066 
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POSITION 


Fig 4—End-point voltages V, and V, control the IC potentiometer’s wiper position by “tilting’ 


POSITION 


Vi 
Di ene ae 
0 xX 1 


< 0.5) 


(b) 


, 


the resistive element’s parabolic voltage distribution. 


tract input-voltage logarithms as 
you would with a slide rule. Then a 
fourth transistor connected in the 
antilog mode converts the answer to 
an output voltage. The result is a 
versatile transfer function that lets 
you raise an input ratio Vz/Vx to the 
m power (0.2=m5), or, with m=1, 
perform multiplication and division 
simultaneously. Operation is single- 
quadrant because all inputs must be 
positive: 


Vout= Vy(Vz/Vx)". 


Quadrants refer to the four re- 


Circle No 705 
Burr-Brown Corp 


Box 11400 Intronics Inc 


Tucson, AZ 85706 57 Chapel St 

(602) 746-1111 Newton, MA 02158 

Circle No 702 (617) 964-4000 
Circle No 706 

Exar Corp 

Box 3575 Motorola Inc 


Sunnyvale, CA 94088 
(408) 732-7970 
Circle No 703 


Box 52073 
Phoenix, AZ 85072 
(602) 952-3613 
Circle No 707 


GE/Intersil Ine 

10600 Ridgeway Court 
Cupertino, CA 95014 
(408) 996-5000 
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For more information .. . 


For more information on the analog multipliers described in this article, 
contact the following manufacturers directly or circle the appropriate num- 
bers on the Information Retrieval Service card. 


Analog Devices Inc GE/RCA 

2 Technology Way Solid State Div 
Norwood, MA 02062 Rte 202 

(617) 329-4700 Somerville, NJ 08876 
Circle No 701 (201) 685-6000 


Semiconductor Products Sector 


gions of a Cartesian plane, and a 
multiplier’s quadrant of operation 
refers to the combinations of input 
polarity for which the device pro- 
duces a valid output. If both inputs 
must be unipolar, the operation is 
single-quadrant (quadrant 1 if the 
inputs must be positive, for exam- 
ple). If both inputs can be bipolar, 
the operation is 4-quadrant, and if 
either input (but not both) can be 
bipolar, the operation is 2-quadrant. 
Most divider circuits can only be 1- 
or 2-quadrant devices, because they 
can’t allow a change of sign in the 
denominator. 


Optical Electronics Inc 
Box 11140 

Tueson, AZ 85734 

(602) 624-8358 

Circle No 708 


Raytheon Co 
Semiconductor Div 

350 Ellis St 

Mountain View, CA 94043 
(415) 968-9211 

Circle No 709 


Silicon General Inc 
11651 Monarch St 
Garden Grove, CA 92641 
(714) 892-5531 

Circle No 710 


Analog Devices’ $17.50 AD538AD 
multifunction converter has an ar- 
chitecture similar to that of the 
4302, but on-chip circuitry lets you 
configure it easily for 2-quadrant 
multiplication and division, per- 
formed with greater range (1000:1) 
and precision (+0.25% of reading 
over a 100:1 range). Raytheon’s 
$3.20 current-mode RC4200 is an- 
other log-antilog device. It offers 
4-quadrant multiplication and 2- 
quadrant division, but it doesn’t 
perform general noninteger expo- 
nentiation. Its transfer function is 
Ioyr=IyI_/Ix. 

The majority of today’s analog 
multipliers are 4-quadrant types 
based on the translinear cell (see 
box, “The translinear-cell multi- 
plier”). Prices vary widely accord- 
ing to whether the multipliers are 
laser-trimmed and other factors. In 
addition to gain control and coordi- 
nate transformation, you can use 
these devices for power measure- 
ment, balanced modulation, rms-to- 
de conversion, and function genera- 
tion and _ linearization. Older 
versions include precision types 
from Analog Devices and Burr- 
Brown. Motorola and Silicon Gener- 
al offer low-cost versions repre- 
sented by the 1495. Silicon 
General’s SG1495N, for example, 
costs $1.35. 

Exar’s $1.86 translinear 
XR2228CP suits use as a phase de- 
tector in PLLs, and the $1.66 XR- 
2208CP is a higher-frequency, gen- 
eral-purpose multiplier. Both these 
4-quadrant translinear types in- 
clude an uncommitted op amp. In 
addition, the 2208 has a buffer am- 
plifier that extends the 3-dB band- 
width from 3 to 8 MHz. 

The $4.20 ICL8013CC TZ from 
Intersil is a translinear, 4-quadrant 
multiplier in a TO-100 package. Its 
onboard op amp provides a 3-dB 
bandwidth of 1 MHz and lets you 
configure the device with a 
mimimum of external components 
for division and calculation of square 
roots. The CA3091D from GE/RCA, 
also a 4-quadrant, translinear de- 
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ANNOUNCING 4X4! 


4-CHANNEL DIGITAL wor 
ONLY $1995! 


The 4X4 is the first technically supe- 
rior digital oscilloscope peripheral for 
IBM PC, XT, AT and compatibles. 

No programming required. 

Sample 4 Channels Simultaneously. 
The 4X4 has 4 analog-to-digital con- 
verters allowing 4 separate and individual 
channels to be captured or sampled at the 
same time. Four simultaneous channels 
are unique in the industry, and powerful 

in mutiple channel applications. 


Highest Sample Rate Per Channel 
In The Industry For The Price. 

The 4X4 allows a sample rate for each 
channel to be as high as 500 KHZ. Most 
other products divide the sample rate 
among the number of channels reduc- 
ing the sampling rate. For example, an 8 
channel board with one 100OKHZ A/D 
converter has a sample rate of 12.5KHZ 
per channel. 


Largest Buffer Size For 4 Channels 
In The Industry. 


The data buffer is a block of memory 
where the sampled data is stored as 
the input signal is being digitized by the 
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A/D converter. The 4X4 has the larg- 
est buffer size (32,760 eight bit words) for 
4 channels in the industry. The total 
data buffer size is 128k. 

The larger the data buffer, the longer 
in time that the input signal can be sam- 
pled. The buffers allow the user to view 
4 channels at the same time with the 
screen display showing between 0.5msec 
(fastest sample rate) and 48 minutes 
(slowest sample rate) worth of data for 
each channel. The buffer will hold 3.8 
days of data at the slowest sample rate. 


Unique Software Features. 

The 4X4 provides completely turnkey 
digital oscilloscope software: 
Cursor. 
X versus Y display. 
Print/save/retrieve/overlay wave- 
forms. 
Active scrolling. 
Online help screens. 
1 to 2000 zoom mode. 
Store/retrieve/control setups. 
Menu driven operation. 
Turnkey FFT software available. 


Gl GEL... Eth ft) 
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FOR PC'S 


The Advantage Of A Programmable 
Gain Amplifier For Each Channel. 


The 4X4’s software programmable 
gain is particularly useful in automatic 
test and measurement applications and 
where test results are used to determine 
the gain range. Over 100db of input sig- 
nal resolution means the user can resolve 
1 mv to 500v p-p. 


Plus, The Standard Oscilloscope 
Features You Would Expect In 
A Standalone Instrument. 

1 Meg ohm 30pf input impedance. 
BNC input connectors. 

AC or DC coupling of the inputs. 
Diode protected inputs. 

Fuse for ground protection. 

Input protection to +/— 250 volts. 
Software selectable gain ranges from 
10mv/div to 20v/div. 

Full analog triggering with analog 
trigger input BNC. 

Trigger adjust potentiometer. 
Four waveforms displayed 
simultaneously. 


A New Era For High Performance 
Test And Measurement Equipment | 
Controlled By Personal Computers. 


Rapid Systems Test and Measurement 
PC Products are designed, manufac- 
tured and tested to be ready to go, the 
minute you receive them. 

Plug a Rapid Systems Peripheral into 
your personal computer, slip in the 
disk, touch one button and you're ready 
to work. It’s that simple and easy to use. 


GE) Se eS Boe 


For your free copy of the new Rapid 
Systems catalog, to order, or for further 
information, call or write Rapid Systems, 
433 N. 34th St., Seattle, WA 98103. 

(206) 547-8311. Telex: 265017UR. 


RAPID SYSTEMS | 
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vice, requires external resistors for 
voltage-mode operation. This $1, 
4.4-MHz multiplier comes in a 
14-pin ceramic DIP and offers 2.6% 
typ accuracy. 

Representative modular, 4-quad- 
rant, translinear multipliers from 
Intronics include the $64.40 M440, 
which specs a 0.6% max nonlineari- 
ty error and a 1-MHz typ 3-dB 
small-signal bandwidth. It comes in 
a 1X1-in. package. The $178.60 
M510 high-speed version specs a. 
0.38% typ nonlinearity error and a 
5-MHz min 3-dB small-signal band- 
width. It comes in a 1.5x1.5-in. 
package. 

Analog Devices’ $13.25 
translinear AD539KN has two 
60-MHz single-ended signal chan- 
nels and a common 5-MHz control 
input. Developed expressly for gain- 
control applications, the device of- 
fers a maximum total error of 1.5% 
FS and comes in a 16-pin DIP. For 

-quadrant multiplication or 2-quad- 
rant division, the $11.65 AD632AH 
provides the versatility of differen- 
tial X, Y, and Z inputs. This laser- 
trimmed IC further offers a 1-MHz 
max 3-dB bandwidth and a 1% max 
error for 4-quadrant multiplication. 
It comes in a 14-pin DIP. 

From Burr-Brown, the $36.85 
translinear MPY534LD also offers 
differential X, Y, and Z inputs and 
laser-trimmed thin-film resistors. It 
provides a maximum 0.25% error 
for 4-quadrant multiplication. The 
small-signal 3-dB bandwidth is 3 
MHz typ; the package is a 14-pin 
DIP. For wider-bandwidth applica- 
tions, you can turn to the 10-MHz, 
$15.25 MPY634BM. Like the 
MPY534, this multiplier has differ- 
ential X, Y, and Z inputs and a 
precision-output op amp that han- 
dles division and square-root opera- 
tions with few external components. 

EDN 
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For mass storage disk drive electron- 
ics —Silicon Systems supports you best 
with total “head to host” IC solutions. 
Example: the Silicon Systems Data Recov- 
ery IC family. The flagship of this exciting 
new series is the SSI 532—the industry's 
most advanced single chip solution inte- 
grating data synchronization and ENDEC 
functions. Designed as a companion 
device to the SSI 452 and AIC 010 fami- 
lies of controllers, the 532 is destined to 
become the industry standard. And for 
good reason: if offers the type of raw per- 
formance and exclusive enhancements 
that really can separate your hard disk 
drive from the rest. 


RECOVERY CHIPS—EA 
2UM OF FEA 


STORAGE 
CONTROLLER 
BUFFER 
MANAGEMENT 


Just look at what this space-saver 
offers: 2,7 RLL encoding/decoding; win- 
dow symmetry control with yP port for 
enhanced HDD testability; internal timing 
elements with a single external resistor to 
set the data rate; a precision decode win- 
dow without the requirement of an accu- 


SCSI BUS 


MOTOR 
DRIVER 


rate 1/4 cell delay; ISMbits/sec. operation; 


fast acquisition PLL; plus a host of other 


dynamic features that will give your prod- 


uct the competitive edge. 


SUULCON SI IN SLMS 


Circle 44 for product information 


But the SSI 532 is just one chip in 
Silicon Systems family of five Data Recov- 
ery IC’s. Each is optimized for a specific 
type of drive—one is right for your fype of 
drive. In addition to data recovery, Silicon 
Systems also offers broad IC families fo 
cover virtually all other functions in HDD 
and FDD disk drive electronics. 

For more information on the SSI 532 
and other exciting product families in the 
SCSI chip set, contact Silicon Systems 
today. 


Silicon Systems, 1435] Myford Road, 


Tustin, CA 92680, (714) 731-7110, 
Ext 59/0. 


Circle 5 for career information 
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EMBEDDED 


KS 
VVFE THER 


YOU'RE READY 


OR NOT. 


saeesstil 


Whether you're 
using Common 
Command Set 
(CCS) or not. It 
doesn't matter. Because 
we ve got a series of high capacity 

514 Winchester drives that you can use right 
now. And, in most cases, without any driver software 
changes. Without any delays. The Toshiba MK-150 
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Series. The most easy to integrate trio of 544" hard 
drives on the market today. 

What makes them so easy to integrate is a little 
switch our engineers built in for your convenience. It 
lets you change to an embedded SCSI drive without 
changing your present SCSI unique command set. Or, 
if you want to start using CCS, just flip the switch. 
Either, or. Now or later. 

And we've got the drives now. All three of 
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them. With capacities up to 173 megabytes. And a fast 
average access time of 25 milliseconds. All with a very 
high 30,000 hour MTBF. The kind of reliability that 
Toshiba is famous for. 

And of course they come with all the support 
Toshiba is famous for, too. Fast evaluation unit delivery. 
Responsive technical assistance. And if embedded 
SCSI's not your game, the MK-150's are also 
available with an ESDI interface. 


So don't delay. You can put off the decision to 
go to CCS but you don't have to put off the benefits of 
going to embedded SCSI. Just go with Toshiba. 
For more information call 408-727-3939. Or 
write Toshiba America, Inc., Disk Products Division, 
3910 Freedom Circle, Suite 103, Santa Clara, CA 95054. 
We're ready and waiting. Even if you're not. 


WORLD-CLASS QUALITY. WORLD-CLASS SUPPORT. 


TOSHIBA 


DISK PRODUCTS DIVISION © 1986 Toshiba America, Inc. 
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IF YOU BUY A 
HARRIS HI-508A MUX, 
TS YOUR FAULT. 


Get +35V fault protection with 
the MAX358. 


Maxim's MAX358/359 are 8-channel/dual 4-channel analog 
multiplexers fully compatible with the HI-508A/509A. Yet they offer 
vastly improved fault protection. Fault Protection Comparison 

For instance, the MAX358 cas Harris HI-508A 
allows less than 1nA of input 
leakage current under power- 
down fault conditions rather 
than the many mA allowed by 
the HI-508A (see graph). 

Moreover, the MAX358 can 


Input Fault Current 


withstand a continuous +35V = 30V =20V —10V oe ay +20V +30V 
: ; npu 
overvoltage, on all pins simul- Conditions: V+ = V- = OV 


taneously. While the original can withstand only 420V on one pin. 
And even less on all pins without exceeding power ratings. 

Consequently, the MAX358 prevents overvoltage damage to 
the circuits it drives as well as those that drive it. 


An improved 2nd source that doesn't 
require D.I. processing. 


Better yet, the MAX358 gives you great fault protection without 
the HI-508A’s costly dielectric isolation processing. 
What's more, the MAX358 is more reliable. Because (like every 
other Maxim part) it’s burned in at 150°C for 24 hours. Absolutely free. 
We also make a plain spec-compatible HI-508A or HI-509A, 
if that’s all you need. 

So for datasheets and samples, call your Maxim representative 
or distributor today. 

Maxim Integrated Products, 510 N. Pastoria Avenue, 
sunnyvale, CA 94086, (408) 737-7600. 


SUI AAL/SVI 
Dann ees. 
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(801) 266-9939; Illinois, (312) 956-8240: Indiana, (317) 849-4260; lowa, (319) 377-8275; Kansas, (316) 838-0884; Maryland, (301) 583-1360; Massachusetts, (617) 444-8071: 
Michigan, (313) 499-0188; Minnesota, (612) 941-7181: Missouri, (314) 291-4777, (816) 356-6340; Montana, (503) 620-1931; New Hampshire, (603) 772-3300; New Jersey, 
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Bridged SCSI controllers remain viable 
regardless of emerging embedded controllers 


Maury Wright, Regional Editor 


Despite being threatened with ex- 
tinction by peripherals with embed- 
ded controllers, bridged SCSI con- 
trollers allow users flexibility in 
I/O-subsystem design. Although 
not restricted just to Winchester 
disks, a bridged controller can pro- 
vide cost-effective and enhanced 
performance benefits for such an 
application. Bridged controllers are 
well suited to serve multiple periph- 
erals with device-level interfaces, 
and manufacturers use the added 
pe-board real estate inherent in 
bridged designs to add features and 
functionality not found in embedded 
controllers. 

A bridged, or stand-alone, con- 
troller board provides the interface 
between the SCSI I/O bus and pe- 
ripherals with device-level inter- 
faces. For the most part, you choose 
a drive for a given system applica- 
tion. Examples of bridged controller 
boards for Winchester-disk applica- 
tions include SCSI to ST-506/412 
(SCSI/ST-506), SCSI/ESDI (En- 
hanced Small Device Interface), and 
SCSI/SMD (Storage Module Device) 
controllers. 


Combine functions 


A peripheral with a device-level 
interface (such as ESDI) includes a 
pe board that controls head move- 
ment and the reading and writing of 
data. Any controller board (no mat- 
ter whether bridged or bus resi- 
dent) performs functions such as 
translating logical addresses to 
physical addresses, buffering data, 
and issuing device-level commands. 
Typically, a system designer stacks 
a bridged controller on top of the 
device-level interface board. As an 
alternative, disk manufacturers 
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ESDI data rates don’t reach 24M bps yet, but the Emulex MD21 SCSI/ESDI controller can 


handle transfers that fast now. 


offer embedded SCSI controllers, 
which combine the controller-board 
and device-interface function (for 
more information on SCSI I/O con- 
figurations, see Refs 1 and 2.) 

Up until the last 12 to 18 months, 
you practically had no choice for 
your SCSI implementation other 
than a bridged controller. Nowa- 
days, however, ICs specialized for 
the SCSI interface, buffer manage- 
ment, the controlling of head move- 
ment, and other functions allow pe- 
ripheral manufacturers to design 
embedded controllers. Some disk 
manufacturers and industry observ- 
ers believe embedded controllers 
will make stand-alone controllers 
obsolete. 

The embedded-SCSlI-controller 
proponents make good points for 
their cause. The embedded scheme 


essentially eliminates a link in the 
I/O chain. By eliminating the con- 
troller you may save money, and 
you'll also increase MTBF. Further- 
more, you avoid situations where 
you are not sure if a problem exists 
in the drive or controller. Moreover, 
you simplify incoming-inspection 
and inventory control. Finally, you 
reduce the engineering evaluation/ 
integration time required to match 
drive and controller. 

Nonetheless, stand-alone control- 
lers may well suit your needs better. 
You need to consider the application 
(of course), capabilities, overall sys- 
tem-performance requirements, 
and cost. 

In some instances, your applica- 
tion may warrant the added fea- 
tures available on the two pe boards 
requisite in bridged-controller de- 
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WHY CHOOSE A ZAX EMULATOR 
WHEN DEVELOPING WITH HITACHI, 


MOTOROLA, NEC OR INTEL? 


Unparalleled support for true emulation of their 
microprocessors! Emulation that places you in control 
of beating your microprocessor design deadlines. User- 
convenient emulation that makes your job a lot easier. 


ZAX offers a broad range of in-circuit emulators con- 
ceived, designed and tested to meet your development 
needs. Emulators for NEC's V40/V50, Intel’s 8051/8052 
family of microcontrollers, Motorola's 68000/10 and our 
newest emulators for Hitachi’s 6301 and 64180 series. 
Additionally, we support Z80, 6809/E, 8086/88 & 
80186/188, V20/V30 microprocessors and the 8048 
family of microcontrollers. 


All ZAX Emulators contain an internal processor, 
“loanable”’ RAM and extensive debugging mechanisms. 
They function in real-time and are rated at the same clock 
speed as the manufacturer's processor. The emulators 
introduce no added wait states so the prototype program 
can be executed exactly as the processor would and in 
the same length of time. 


Unparalleled software support is also provided by 
ZAX. We offer extensive interface and development soft- 
ware for our emulators. All ZAX Emulators interface to 
a variety of host computers via the optional ZAX- 
developed communications utility ZICE-IIl. For develop- 
ment software access, we offer a broad range of pro- 
ducts including “C’’ & Pascal compilers, cross 
assemblers/loaders and object module librarians. 


CIRCLE NO 59 


And should you need a wholly supported host com- 
puter, look no farther than ZAX. The ZAX BOX-ER is an 
economical host computer that's easy to use, delivers 
abundant processing power, possesses superior memory 
capacity and supports high resolution graphics for 
engineering applications. The perfect complement to 
our emulators. 


At ZAX, we're committed to providing you with the 
tools you need to beat your microprocessor design 
deadlines. All of our products are backed by a full, one- 
year warranty which protects you from unnecessary 
delays. So, whether you're engaged in development 
using a microcontroller or a variety of microprocessors, 
call us and we'll show you why you need ZAX's Unparal- 
leled Support. 


To order any ZAX Emulator or for more 
complete information on our product 
line, call us TOLL FREE at 800-421-0982 
(in California phone 800-233-9817) or 
write to ZAX CORPORATION, 2572 White 
Road, Irvine, CA 92714. In Europe, call 
(49) 2162-32034. 


LAX 


Zax Corporation 
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signs. For example, buffer size may 
be critical. Large buffer memories 
allow a controller to store multiple 
tracks of data. Western Digital, 
Emulex, and SMS offer SCSI/ESDI 
stand-alone controller boards that 
include 64k bytes of buffer memory. 
Most embedded controllers (and 
some bridged-controller boards) 
have buffers of less than 16k bytes. 

John Kanzler, a product manager 
at Western Digital, admits that sili- 
con densities will soon allow embed- 
ded-controller designs with 64k 
bytes of buffer memory. He be- 
lieves, however, that by the end of 
1987 bridged-controller products 
will routinely include one megabyte 
of memory. Kanzler also maintains 
that bridged controllers will contin- 
ue to lead embedded controllers in 
such aspects as memory size and 
enhanced features. 


Controllers offer MFM and RLL 


Virtually all the first bridged- 
controller boards worked with 
ST-506 drives, but, as the ESDI has 
more and more become the device 
interface of choice (other than for 
personal-computer applications), 
newer and_higher-performance 
boards support the ESDI rather 
than the ST-506. 

Western Digital offers a variety of 
bridged-controller boards for Win- 
chester disk drives. On the low end, 
the company offers the WD10003A- 


asynchronous and synchronous operation. 
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The ADSI-D200 SCSI controller, sold by Western Digital, contains a 
64k-byte buffer, is compatible with the ESDI interface, and offers 


SCS SCSI/ST-506 board that em- 
ploys MFM encoding and the 
WD1003R-SCS SCSI/ST-506 board 
with RLL encoding that offers a 
50% increase in capacity and data 
rate. Each of the boards can control 
two drives. The MFM product costs 
$85; the RLL version sells for $95 
(1000). 

Western Digital’s ADSI-D200 
family of products is intended for 
the ESDI. (Western Digital recently 
bought Adaptive Data Systems Inc 
and markets products originating 
from both companies.) The basic 
ADSI-D200 supports four ESDI 
drives, comes with a 64k-byte buff- 
er, and costs $190 (1000). The board 
handles the 10M-bps ESDI rate. It 
operates asynchronously at 1.8M 
bytes/sec max over the SCSI bus, 
although the standard specifies 
1.5M-byte/sec max asynchronous 
transfers. 

This quarter, Western Digital 
plans to start shipping a new ver- 
sion of the board, the ADSI-D2008. 
The new product makes use of new 
ICs and actually costs less—$155 
(1000)—than its predecessor. The 
ADSI-2000S operates in an asyn- 
chronous mode at 1.8M bytes/sec or 
in a synchronous mode at 2M bytes/ 
sec. The basic version of the product 
supports an ESDI rate between the 
interface and the controller of 10M 
bps. 

The company has plans to en- 
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hance both the controller’s SCSI 
and ESDI performance. For exam- 
ple, future versions of the board will 
advance the data rate to the maxi- 
mum 4M-byte/seec SCSI synchro- 
nous data rate and will support pro- 
posed ESDI-rate changes to 15M 
bps. 


Board operates at 24M bps 


Emulex takes a similar approach 
with its SCSI/ESDI controller 
boards. The $395 MD21 controls two 
drives and has a 32k-byte buffer, 
whereas the $435 MD23 controls 
four drives and has a 64k-byte buff- 
er. The Emulex boards support 
1.25M-byte/sec asynchronous trans- 
fers but will handle ESDI data rates 
as fast as 24M bps when and if 
drives are ever built that fast. 
Emulex also offers the MD01 SCSI/ 
ST-506 controller for $395. 

These controllers also offer firm- 
ware flexibility. For example, you 
can program them in 1-byte incre- 
ments for sector sizes ranging from 
256 to 4096 bytes. 

The company’s product line also 
includes the $515 MD24 board, 
which duplicates the MD23 function 
but includes differential bus trans- 
ceivers. Differential transceivers ex- 
tend total SCSI cable length to 20m; 
6m is the maximum for single-ended 
transceivers. Differential transceiv- 
ers require more pc-board space, 
though, and so it’s difficult for em- 


This SCSI/SMD controller board is representative of Adaptec’s 
ACB-5500 family. This family of boards accommodates various 


device-level interfaces with minimal operating-system vmpact. 
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Offering ESDI, ST-506, floppy-disk, and tape interfaces on one board, the SMS OMTI 7000 
family satisfies requirements spanning the spectrum of SCSI controller applications. 


bedded controllers to include the 
differential-transceiver option. 

Although the companies men- 
tioned above (and other companies 
as well) believe that stand-alone con- 
trollers, with their feature-rich de- 
signs, are well equipped to compete 
against embedded controllers, some 
of the companies also plan to com- 
pete by offering controllers of dif- 
ferent levels of complexity. Kanzler 
of Western Digital, for example, 
claims that the company can easily 
vary the features that ADSI-D200S- 
family products provide—and the 
price charged. On a semicustom 
basis, Western Digital will vary 
such specifics as buffer size, the 
speed of the controlling wP, and 
firmware features. 

In contrast, Winchester-disk- 
drive vendors may have a tougher 
time matching embedded-controller 
features to customer applications. 
In general, the Winchester-disk- 
drive manufacturers don’t have near 
the controller expertise that the 
bridged-controller houses do. In 
fact, virtually all drive vendors 
(both tape and disk) have depended 
on controller houses for ICs and for 
expertise in designing embedded 
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controllers. 

Both Marty Francis, NCR engi- 
neering manager, and Jeff Miller, 
Adaptec’s vice president of market- 
ing, agree that bridged-controller 
manufacturers can easily provide 
custom firmware features. Miller 
claims that the controller houses 
have been providing custom fea- 
tures for all the different drive man- 
ufacturers for years, and these man- 
ufacturers have the engineering 
talent in-house to continue such ¢ca- 
pabilities. 

For low-end applications, Adaptec 
offers the ACB-4000 family of con- 
trollers. The ACB-4000A SCSI/ST- 
506 employs MFM encoding, the 
ACB-4070 SCSI/ST-506 uses RLL 
encoding, and the ACB-4520 suits 
low-performance SCSI/ESDI appli- 
cations. The -4000A and -4070 
boards cost $127, and the -4520 costs 
$165 (1000). Each of the boards can 
control two drives. 

For high-performance applica- 
tions, Adaptec manufactures the 
ACB-5500 SCSI/ST-506 controller, 
which costs $295 (1000), and the 
ACB-5580 SCSI/SMD family, which 
ranges in price from $650 to $725 
(1000). This family of controllers 


supports 10M- and 15M-bps rates 
and either single-ended or differen- 
tial transceivers. Each product can 
handle four drives. The company 
also plans to offer a high-perfor- 
mance ESDI version this year. 

Jeff Miller points out that besides 
differing memory capacities and 
varying degrees of flexibility, 
bridged and embedded controllers 
also deviate tremendously in terms 
of overall system performance and 
cost. When comparing the system 
performance of the two types of 
controllers, you won’t find clear-cut 
tradeoffs. You must take into ac- 
count total system storage require- 
ments and power and space consid- 
erations as well as cost and 
performance. 


Multiple drives justify cost 


From a cost standpoint, a bridged 
approach saves money when you 
have two or three drives connected 
to one controller compared with two 
or three embedded-SCSI drives. 
This is no longer always the case, 
however. Today you can buy 5%-in. 
drives with capacities approaching 
one gigabyte, and therefore you 
may only need one drive. 

From a performance standpoint 
at the system level, thanks to multi- 
threading, multiple drives outper- 
form a single drive. Multithreading 
refers to a computer essentially per- 
forming multitasking at the I/O sub- 
system level. A SCSI host can have 
multiple commands active within 
the I/O-bus subsystem simultane- 
ously. And a SCSI/ESDI controller 
board can receive (and theoretically 
respond to) more than one command 
at a time. In fact, the top-of-the-line 
controllers from all the manufactur- 
ers discussed in this article support 
multithreading. Multithreading also 
enables controllers to link and 
queue commands for one or more 
disks. 

In an I/O subsystem, the electro- 
mechanical head movement for seek 
operations causes the biggest bot- 
tleneck problem. By using multi- 
threading techniques—essentially 
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he game Is over. 


OMNI. The only universal programmer. 


A totally new concept in PROM 
Programming. OAE has drawn upon 12 
years of research and manufacturing 
experience to develop the ultimate in 
software configured programmers. By 
combining up to 64 programmable pin 
drivers with a new database of over 
1400 parts, the software configured 
OMNI can program hundreds of 


EPROMs, EEPROMs, EAROMs, 
bipolar and CMOS PROMs, PLDs, 


microprocessors and ASICs 
(Application Specific ICs). In fact, the 
OMNI's unique pin drivers can program 
and test all known programmable 
semiconductors, from bipolar diode 
arrays to ECL PLDs. in addition, an 
optional parametric editor can be used 
to screen every device programmed to 
your company’s own specifications. 


e 100% Software Configured. 


e Unlimited Free Library Updates 
available for 2 years. 


e Plug compatible with over 350 
different computers and opera 
systems 


e Over 20,000 devices may be added to 
the OMNI’s new nonvolatile library 


e Fast high voltage, high current pin 
drivers can supply +1.5A continuous 
and +4.5A to +10A peak at each pin. 

e 100% laser trimmed references — 
no calibration is ever required. 


e Over 4,000 steps of voltage and 
current resolution plus sub- 


nanosecond timing resolution to 
program everything from CMOS to 
high power bipolar and ECL devices. 


e The OMNI 64 supports ALL package 
types, including SOs, LCCs, PLCCs, 
PGAs, DIPs, etc. 


e Full one year parts and labor and two 
year software warranty period. 


e The OMNI is small, portable, and easy 
to use. 


OMNI Series starts at just $2995.00 


NOW THAT THE HARDWARE GAME 
IS OVER... IT’S YOUR MOVE! 


Call 1-800-828-0080 (1-800-423-8874 
in CA) for a free demonstration today. 


QAE 


Oliver Advanced Engineering, Inc 
320 West Arden Street 

Glendale, CA 91203 

(818) 240-0080 

TWX (510) 600-8099 
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working on multiple commands at 
once—a controller can overlap the 
electromechanical-delay segments, 
called overlapped seeks. 

Because of multithreading and 
overlapped seeking, you may be 
able to use multiple cheap drives 
with slow access times and get sys- 
tem performance equivalent to that 
of one expensive drive. Of course, 
multiple drives consume extra 
power, take up more space, and may 
still cost more. You must balance 
your choice of controller type and 
the number of drives depending on 
your application. 

Multithreading at the SCSI I/O 
bus with embedded-SCSI drives 
provides the advantage of having a 
dedicated controller for each drive. 
Multithreading within a bridged 
controller, on the other hand, bene- 
fits from intimate ties to the hard- 
disk assemblies. 


Controller prioritizes tasks 


As SMS marketing manager Dan- 
iel Loski points out, a bridged con- 
troller can prioritize queued com- 
mands because it always knows the 
location of the disk heads. By prior- 
itizing the tasks based on head loca- 
tion, the controller minimizes the 
electromechanical seek time. 

When evaluating overall system 
performance and cost with your ap- 
plication (or applications) in mind, 


you should be aware that there are 
versatile boards available that sup- 
port multiple interfaces. SMS’s 
OMTI 7000 Series is such a line of 
controller boards. The basic OMTI 
7100 SCSI controller can handle 
both ESDI and ST-506/412 drives, 
and it costs $164 (1000). Versions 
that include floppy-disk or tape in- 
terfaces, or both, are also available. 
For example, the OMTI 7400 in- 
cludes a floppy-disk interface, a 
Winchester-disk interface, and a 
QIC-02 tape interface. It costs $330 
(1000). 

All 7000 Series boards include 
32k-byte buffers, although you can 
buy 64k-byte versions, too. The se- 
ries supports multithreading with 
two drives; the design will be ex- 
panded to support four drives this 
year. 

SMS is planning for the future 
also, which means selling bridged 
controllers for 3%-in. form factors. 
Compared with embedded control- 
lers, stand-alone controllers offer 
advantages for 3%-in. products be- 
cause embedded-drive manufactur- 
ers have even less pc-board real es- 
tate to work with. Available 
embedded-controller 3%-in. Win- 
chester disks include only a basic 
controller. Both the OMTI 3520 and 
the 3527 fit in the 3%-in. form fac- 
tor. The 3520 with MFM encoding 
supports ST-506 drives and costs 


The SCSI/SMD ADP-48 controller from NCR has a 32k-byte buffer and handles four 


disks. 
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$119; the 3527 RLL version sells for 
$134 (1000). 

NCR also makes a SCSI/ST-506 
controller in the 3%-in. size, and it 
even manufactures a SCSI/ESDI 
controller in the same size. You can 
actually specify the ADP-46 ST-506 
model or the ADP-47 ESDI model in 
3’2- or 5%-in. packages. Both of the 
3’2-in. packaged controllers sells for 
less than $200 (1000); the 5%-in. 
versions are priced at less than $250 
(1000). 

Both of the controller boards op- 
erate at 2M bytes/sec asynchronous- 
ly over the SCSI bus, and they han- 
dle four drives. The ESDI model 
runs with 15M-bps drives, and the 
ST-506 model employs MFM record- 
ing. For the 5%-in. controllers, 
NCR includes a floppy-disk inter- 
face and differential transceivers. 

Another controller, the NCR 
ADP-48—$1077 (1000)—provides a 
high-performance SCSI/SMD inter- 
face. In fact, the controller can han- 
dle four drives at maximum speeds 
of 24M bps. It operates at 3M bytes/ 
sec synchronously over the SCSI 
bus and includes a 32k-byte buffer. 

Controllers such as the ADP-48 
provide performance levels ap- 
proaching the upper end achievable 
without resorting to some type of 
caching controller. The SCSI bus, 
however, does fit in applications that 
can use more I/O performance. For 
such applications you have to use a 
bridged controller. Some embed- 
ded-Winchester controllers offer 
small caches, but they depend on 
the fact that the application soft- 
ware requires sequential data from 
the disk. 


Cache hits eliminate seeks 


If you need improved I/O perfor- 
mance, Distributed Processing 
Technology (DPT) offers true cach- 
ing controllers for the SCSI bus. 
The PM3010/50 serves ST-506/412 
drives and costs less than $700 
(1000). The PM3010/70 ESDI ver- 
sion costs less than $900 (1000), and 
the SCSI/SMD PM3010/10 costs less 
than $1000 (1000). Each product can 
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Now get the best 
of both worlds, analog 
and digital, in one familiar, 
easy-to-use package. With 
the 100 MHz Tek 2230 and 
60 MHz 2220 you benefit 
from 20 MS/s digitizing plus 
analog operation to each 
scope’s bandwidth. Just 
push a button for real-time 
display analysis! 

Expect the most for your 
money —and get it— with 
Tek. You can capture events 
as narrow as 100 ns at any 
sweep speed—using Tek's 
proprietary peak detect 
mode. Trigger on complex 
waveforms using variable 
sweep holdoff. View events 
orior to or following a trigger 
event with pre/post trigger. 
Eliminate noise with built-in 
signal averaging. Store 
acquired waveforms as 
either 1K or 4K records. All 
with unrivalled convenience 
and confidence in your 
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Features 2230 2220 
Analog/Digital Storage BW 100 MHz 60 MHz 
Max. Sampling Speed 20 MS/s _— 20 MS/s 
Record Length 4K/1K (selectable) 4K 
Save Reference Memory One, 4K One, 4K 
Three, 1K 
Vertical Resolution 8 bits 8 bits 
10 bits (AVG mode) 
12 bits (AVG mode over bus) 
CRT Readout Yes No 
Cursor Measurements Yes (storage mode) No 
GPIB/RS-232-C Options Yes ($850) Yes ($550) 
Battery-Backed Memory Yes (inc. with 2230 No 
(save 26 waveform sets) communications options) 
Price $5150 $4150 
measurement results. option the 2230 also 


Both scopes offer 
optional GPIB or RS-232-C 
interfaces. With either 


includes battery-backed 
memory that provides 26K of 
keep-alive CMOS memory 
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—for storing up to 
26 waveform sets. 
Call Tek direct to 
get your free video or 
diskette demo. Or to place 
an order! Ask about free Tek 
digital storage application 
notes and educational 
materials. Technical person- 
nel will answer your ques- 
tions, take an order and 
expedite delivery. Orders 
include complete documen- 
tation, operating manuals, 
worldwide service back-up 
and Tek's 3-year warranty 
that even covers the CRT. 


Call Tek direct: 
1-800-433-2323 for video 


or diskette demo 


-800-426-2200 


for orders and/or 
technical advice 


In Oregon, call collect: 
1-627-9000 


Tektronix. 


COMMITTED TO EXCELLENCE 
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Intended for 3%-in. SCSI/ST-506 applications, the SMS OMTI 3000 Series includes control- 
lers that use MFM or 2,7 RLL encoding schemes. 


control four drives, and the ESDI 
and SMD models operate at 20M- 
bps device rates. 

The controller boards offer a 
standard cache of 500k bytes; you 


can buy 2M to 16M bytes of expan- 


sion memory. According to company 
president Steve Goldman, the aver- 
age customer adds 4M bytes of 
memory, and this expansion costs 
less than $1200 (1000). The 3010 
family supports 1.5M-byte/sec SCSI 
transfers. The company plans to an- 
nounce the 3015 controller around 
mid-year, which will be similarly 
priced, but will include synchronous 
capabilities. 

These caching controllers operate 


with a least recently used (LRU) 
algorithm. The controller checks to 
see if the desired data is in the cache 
before accessing the disk. If a disk 
access 1s required, the controller 
flushes the least used data presently 
stored in the cache and replaces it 
with the requested data. 

On cache hits, the controller typi- 
cally begins transmitting data 500 
sec after receiving the last byte of 
the command. On misses, the drive 
must perform an average seek oper- 
ation (18 to 20 msec) to find the 
data. Goldman claims that hit rates 
vary widely based on cache size and 
application, but he believes that, on 
the average, you will see a 30% 
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performance improvement in your 
system with a caching controller. 

The advantages and disadvan- 
tages of bridged controllers dis- 
cussed thus far relate primarily to 
performance and price issues. Other 
general-purpose considerations may 
also influence your choice. For ex- 
ample, consider compatibility. All 
the controllers discussed here, and 
most embedded-SCSI Winchester 
controllers, meet the common com- 
mand set (CCS). Although CCS has 
less options than SCSI, it doesn’t 
eliminate them altogether. More- 
over, any two drives may not plug 
into and operate with the same 
operating-system software. 

Device-level interfaces, in partic- 
ular ESDI, are more compatible 
than SCSI. By specifying a bridged 
controller, you can take advantage 
of device compatibility and easily 
locate second sources. Within a 
product family such as NCR’s, 
Adaptec’s, or SMS’s, you ean also 
specify bridged controllers for dif- 
ferent device interfaces that func- 
tion identically at the SCSI inter- 
face. 

A final point to keep in mind is 
that the present SCSI spec limits a 
system to eight nodes. With pros- 
pects of having multiple hosts, 
LANs, printers, optical media, 
disk, and tape on one SCSI bus, you 
may be forced to connect multiple 
devices through one controller. 
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Unique array I/O flexibility. 
Motorola BiIMOS provides semicustom 
solutions that other technologies often can't. 


When your semicustom array requires 
a different combination of performance 
characteristics than CMOS or bipolar can 
provide, Motorola BiMOS is the solution. 

Unique I/O flexibility, density and high 
performance, more speed and drive than 
CMOS and lower power than bipolar 
make the designs possible. 


CMOS, ECL and TTL in one array 
with unique I/O flexibility. 
Motorola’s newly introduced 


BCA6000ETL semicustom array tightly 
couples three technologies and eliminates 


BCA6000ETL vital statistics. 


Equivalent 2-input NAND gates—6144 
Bonding pads— 
202 uncommitted I/O, 44 power 
Input translator/buffer delays (typ) — 
TTL—2.0 ns, ECL—3.3 ns 
Internal gate delays, 2-input NAND— 
F.0.=1, 0 mm metal—0.8 ns 
F.0.=5,2 mm metal—1.2 ns 
Delay deg. per unit load—275 ps/pF 
Output translator/buffer delays (typ)— 
TIL 8 mA @ 50 pF load—5.5 ns 
ECL 50 ohm @ 50 pF load—1.25 ns 
D-type flip flop toggle freq.—200 MHz 
Power dissipation (typ) per active gate— 
0.022 mW/MHz, loaded 
Maximum output sink, TTL— 
8 mA, 24 mA (single cell) 
48 mA, 64 mA, 72 mA (multiple cell) 
I/O compatibility— 
Input—TTL bipolar, TTL high 
impedance, CMOS, ECL 
Output—TTL, ECL, CMOS 
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the need for translator and buffer chips. 
The improvement in system packing 
density is no small benefit. 

This new Motorola BIMOS Macrocell 
Array allows you, for the first time ever, 
to designate any of up to 202 signal pins 
as either CMOS, TTL or ECL input, or 
your choice of CMOS, TTL or ECL output. 
Since every cell combines bipolar and 
CMOS, performance under load is main- 
tained. 

Perhaps equally important, lower power 
means lower junction temperatures and 
better reliability. 


Check the BCA6000ETL vital statistics 
chart. You'll easily see why this BIMOS 
array is truly unique. 


To implement the first steps toward 
a Motorola BiMOS Array design, contact 
your Motorola sales office or Regional 
Design Support 
Center. For a 
BCA6000ETL 
data sheet, write 
or send the com- 
pleted coupon 
to Motorola. 


MOTOROLA INC. 


European Semiconductor Group 


r Write To: Motorola Ltd., European Literature Centre, 88 tamenet Drive 

| Blakelands, Milton Keynes MK14-5BP, United Kingdom | 
; ZC Please send me information on Motorola’s BIMOS semicustom arrays. 1 
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Make sure you 


World Semiconductor 


can trust your 


Forget about memories which fall 
short of your standards. It takes a com- 
pany with NEC's drive for perfection 
to come up with 
the right products 
for today’s demand- 
ing industries. As 
the world’s largest 
manufacturer of 
semiconductor pro- 
ducts, NEC has the 
resources to make memory devices 
that give you value for money, get 
delivered on time, and pass your in- 
house inspection with fying colours. 


World MOS 


Market Share Market Share 


1985 in Million $ 
Source: Dataquest 


NEC has one of the industry’s largest 

roduct spectrums, ranging from ultra 
acacee! ECL RAMs to versatile 
non-volatile de- 
vices and stand- 
ard static and 
dynamic RAMs, 
based largely on 
power-saving 
CMOS techno- 
logy. 


NEC has the skill and flair to trans- 
form advanced technology into revo- 
____ lutionary products 
~/ such as the | Mega- 
bit DRAM with 
trench capacitor, or 
application-specific 
memories like FIFO 


| = and buffer devices 
MEMORY CELL WITH A TRENCH CAPACITOR 4... gete d at the 


CAPACITOR - 


telecommunications industry, and 


dual-port video RAMs for graphics 


processing. 


To live up to its reputation for out- 
standing reliability, NEC has evolved 
a quality concept that 
goes far beyond con- 
ventional testing 
techniques. This 
concept is string- 
ently applied to 
every phase of 
design and 
production, 
resulting in an inbuilt reliability that 
is second to none. 


A memory may be a minute compo- 
nent, but memories from NEC have 
the backing of a world company, 
which is present in Europe with two 
manufacturing plants and an expert 
consulting team to make certain you 
can trust your memory. 


West Germany: Dusseldorf 02 11/65 03 01, Telex 8 58 996-0 
The Netherlands: Eindhoven 0 40/4458 45, Telex 51923 
France: Paris 01/39 46 9617, Télex 699 499 

Italy: Milano 02/67 09108, Telex 315355 

Sweden: Taby 08/73 28 200, Telex 13 839 

UK: Milton Keynes 09 08/69 1133, Telex 777 boo 
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Pictured above is a DRAFTSMAN-EE™ screen of a four-layer board routed by DC/AUTOROUTER II” 
circles represent inner layer pads. The one-mil diagonal DC/AUTOROUTER II” makes the most 
your design rules allow. The professional Straight-line routing is a result of the final 


a y 


HIGH COMPLETION RATE 

The field-proven DC/AUTOROUTER II™ 
is a high-end, professional autorouter 
for IBM personal computers and com- 
patibles. With its low-cost, true dia- 
gonal autorouting and typical comple- 
tion rate of 93-98%, DC/AUTOROUTER II™ 
clearly outperforms the competition. 

FEATURE-PACKED 

DC/AUTOROUTER II™ automatically 
generates a drill hole tape file and 
drill hole, solder masks, and silk 
screen art masters. The totally re- 
entrant DC/AUTOROUTER II™ can be 
interrupted and restarted with no 
loss of work. And parameters allow 
routing to be tailored to your specific 


needs. COST SAVING 
DC/AUTOROUTER II™ saves you 
money three ways: 

1. Reduced board routing costs 

2. Reduced board manufacturing 
costs over competitive autorouters 
3. Reduced up-front costs by not 
requiring expensive, dedicated 
hardware. 

DC/AUTOROUTER II"’s sophisticated 


In Australia & New Zealand , contact H 


In France , contact Generi 


via minimization pass produces lower 
cost boards than competitive auto- 
routers that cost several thousand 
dollars more. 
PLENTY OF POWER 

DC/AUTOROUTER II™ boasts high- 
end power. Designed specifically for 
autorouting large, dense commercial 
boards, DC/AUTOROUTER II™ supports 
well over 350 ICs per board. And 
DRAFTSMAN-EE™, our graphics editor 
for schematic entry and board editing, 
is just as powerful. Built for the power- 
user,these products break the DOS 
640 KB memory barrier by supporting 
EMS memory boards, yet the minimum 
memory requirement is just 512 KB. 


MONEY-BACK GUARANTEE 
DRAFTSMAN-EE™ and DC/AUTO- 
ROUTER II™ come with 60-day money- 
back guarantees. They run on industry 
standard personal computers, such 
as IBM and AT&T PCs as well as the 
COMPAQ DESKPRO 286 and 386. 
The choice is simple: DC/AUTO- 
ROUTER II*—an outstanding auto- 
router at any price. Call today for 
more information: (201) 922-4111. 
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of any routin 
via minimization and 


. The blue circles represent outer layer pads while the white 
g situation putting as many traces between pads as 
route-straightening pass. 


*Requires DRAFTSMAN-EE™ with _ 
manual routing option. 


COMPUTATION 


Design Computation, Inc. 
Ten Frederick Avenue, Neptune, NJ 07753 
(201) 922-4111 TWX: 510-601-8352 


ypec Electronics (2) 808 3666, TELEX AA71551, In Italy, contact Eledra (02) 81821 TELEX 332332 
m 907 78 78, TELEX 691700F, In Japan, contact Teksel (03) 461-5121 TELEX 23723 
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Artificial-intelligence techniques 


boost utility of CAE/CAD tools 


J D Mosley, Regional Editor 


Artificial intelligence has found a 
valuable niche in computer-aided 
engineering and computer-aided de- 
sign. CAE/CAD tasks frequently 
require the use of heuristics, and 
the application of Al techniques can 
reduce uncertainty by offering soft- 
ware-based 
capability. 

Yet the effects of AI in the engi- 
neer’s work place are currently 
more evolutionary in nature than 
they are revolutionary. For exam- 
ple, no full-fledged intelligent CAE 
package has yet entered the market 
—you’ll find only traditional CAE 
software that borrows techniques 
developed from AI research. How- 
ever, as CAE software developers 
increase their AI expertise, you can 
expect increasingly more sophisti- 
cated CAE/CAD packages and, 
eventually, an expert system that 
provides innovative CAE/CAD solu- 
tions. 


Identify applicable tasks 


Although it is often difficult to 
distinguish between software that 
does and doesn’t incorporate Al 
techniques, it is easy to identify 
engineering tasks that would lend 
themselves to AI solutions. Brian 
Horsley, senior engineer and Al 
systems specialist at PA Technolo- 
gy, cites pe-board routing as a clas- 
sic problem for AI to tackle. Rout- 
ing involves sifting through several 
outcomes, all of which are technical- 
ly correct, in search of the best 
solution. 

Instead of yielding to the clear- 
cut answers that computers gener- 
ate when using analytical tech- 
niques, routing problems must be 
solved by comparing degrees of effi- 
ciency. An AI approach employs 
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inferential reasoning: 


certain heuristics and facts to re- 
duce the number of likely routes, 
thus streamlining the computer’s 
search for optimal routing. 

Significantly, the strategy (that 
is, inference engine) used to guide 
the computer through selection of 
the various heuristics and facts 
(often embodied in a set of design 
rules) must be independent of the 
knowledge base that contains the 
heuristics, rules, and facts. In this 
way, a change in circumstance or 
parameters will result in a revised 
application of the contents of the 
knowledge base. This flexibility dif- 
ferentiates an intelligent system 
from an algorithmic one. 


Other focal areas for intelligent 
CAE packages include component 
layout, troubleshooting, and logic 
simulation: key areas where the 
benefits of balancing heuristic and 
theoretical knowledge significantly 
reduce the amount of time an engi- 
neer must devote to a design effort. 
But the state of the art at most 
major CAE companies has not yet 
spawned a classically defined, com- 
mercially available AI-based CAE 
system. 


Expert system routes pc boards 
Nevertheless, Telesis Systems 

Corp has announced a rule-based 

expert-system pc-board router, 


Developed in Prolog as a conventional expert system for routing pe boards, Insight 
analyzes your board’s physical characteristics and your stipulated design rules to optimize 
routing strategy. The system is part of the Telesis EDA-3000 pc-board design software that 
runs on an EDA-300 or EDA-700 design workstation and EDA-620 routing accelerator. 
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Plat ribbon cable is a real time 
saver. [hat is, until you have to 
connect it to your plant wiring. 

That's when the most im- 
portant connection you've got 
will be the one you've made 
with Weidmuller. 

We've developed a series 
of rail-mounted ribbon cable 
interlace modules that provide 
fast, reliable connections in a 
minimal amount of space. 
These modules incorporate 
Weidmuller’s proven PC termi- 
nal blocks and are available 
for IDC, D Subminiature and 
DIP connectors. 

And, like other popular 
Weidmuller products, they're 
designed and made in the US. 

Weidmuller offers a com- 
prehensive line of terminal 
blocks and connectors, includ- 
ing relay socket assemblies 
diode arrays, opto isolators 
and relay modules. And, if our 
standard units can't solve your 
problem, we'll help you design 
| one that will. 

So make the connection 


| with Weidmuller today. And 


Se put an end to long installation 


| times that cost your company 


Designed and s. A 
made in USA. . & 


Weidmiiller 
Write Weidmuller Terminations, Inc. 821 
Southlake Boulevard, Richmond, Virginia 
See (804) 794-2877 Telex: 
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—ealled Insight, that analyzes the 
physical data and design rules nec- 
essary to develop and optimize rout- 
ing strategy. After you enter En- 
glish descriptions of the board’s 
physical characteristics and design 
rules regarding such aspects as line 
width, spacing, and pad description, 
Insight accesses its database of 
routing techniques to create the 
unique set of routing instructions 
that yields the highest possible com- 
pletion rates for the board you've 
described. Insight considers nearly 
30 costing factors and automatically 
routes boards with as many as 14 
signal layers. 

Insight was developed in Prolog, 
a programming language used ex- 
tensively in AI research but has 
been ported to C for increased 
speed and portability. The manufac- 
turer claims that Insight’s multi- 
pass, multialgorithm system out- 
performs rip-up routers by a factor 
of 10:1. You can use Insight for any 
design technology, including digit- 
al, analog, SMD, fine-line, and 
ECL. Moreover, you can specify 
grid resolutions as fine as 1 mil, any 
number of pad shapes and sizes, and 
an unlimited number of nets, con- 
nections, or components. — 

The system supports automatic 
on-line 45° routing. You can restrict 
routing and etching to particular 
areas of the board. Insight routes 
the horizontal traces first, followed 
by vertical traces, inserting vias 
only where needed. The Insight 
router is a module within the Telesis 
EDA-3000 PCB Design Application 
software, which costs $17,500. The 
EDA-3000 package includes sche- 
matic design, automatic placement, 
and the Insight router. 


The embedded intelligence 
Tektronix, on the other hand, has 
proven that AI techniques needn't 
be apparent to the end user to be 
useful. Instead of exposing gate- 
array design engineers to a foun- 
dry’s reference database, Tektronix 
uses a rule-based expert system to 
conciliate each designer’s goals with 
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-center. 


the foundry’s manufacturing con- 
straints. Merlyn-G, Tektronix’s au- 
tomated gate-array layout system, 
can literally apply any of hundreds 
of processing options to modify its 
design strategy when laying out a 
difficult gate array. Accordingly, it 
takes a significant amount of exper- 
tise to decide which Merlyn-G pro- 
cessing option to apply for the best 
design. 

To provide this expertise, Tek- 
tronix developed software modules 
ealled TurnChips to tune the 
Merlyn-G controls for placement 
and routing (without intervention 
from the designer) while simultane- 
ously producing a physical design 
that is functionally equivalent to one 
reproducible at the foundry’s design 
Each foundry-endorsed 
TurnChip uniquely addresses a par- 
ticular style of gate array. And it is 
in the development of each Turn- 
Chip that Tektronix’s patented Al 
techniques are used. 

TurnChip modules rely on rules 
concerning tuning decisions and 
control options to control the execu- 
tion of programs during the layout 
process. However, when Tektronix 
tried to implement the design rules 
via an interpreter, the system spent 
more time deciding which program 


to execute than it took to run the. 


program. So the company developed 
(and subsequently patented) a com- 
piler for the rule base, which lets 
the TurnChip provide rapid batch 
processing by branching from one 
Merlyn-G program to another. 

For engineers who know their 
equipment better than anyone else, 
an expert system shell called 
IN-ATE from Automated Reason- 
ing Corp offers a simple way to 
generate a customized automatic 
test system for fault diagnosis. You 
define the unit under test (UUT) to 
the system by drawing a schematic 
diagram of the equipment with a 
mouse. The schematic includes a hi- 
erarchical structure and modular 


substructure of the UUT, connec- 


tions between modules of the UUT, 
and accessable test points. IN-ATE 


saves the symbolic description of the 
UUT in a Lisp-format ASCII text 


file. No other information is re- 


quired by IN-ATE; the system can 
automatically learn any other infor- 
mation it requires, or you can add it 
incrementally. , 

IN-ATE helps you develop the 
system’s rules via an editor that 
uses a series of on-screen, menu-like 
dialog boxes. At each step in the 
construction of a rule, the editor 
checks for consistency and correct- 
ness. The rules encompass heuris- 


-tics for fault diagnosis, such as the 


probability of failure at a particular 
testpoint, the cost of performing a 
test, and preconditions that must 
exist before testing is recom- 
mended. Using deductive reasoning 
and logic modeling, IN-ATE can au- 
tomatically generate any missing 
rules. The system also builds and 
maintains a statistical reliability da- 
tabase based on inductive reasoning 
relating to failure probabilities. 


The learning algorithm 

Even more impressive are the 
IN-ATE learning capabilities. A 
learning algorithm lets IN-ATE re- 
adjust its reliability database and its 
rules to account for reported UUT 
failures. The system also uses 
nonmonotonic logic to refocus and 
reorganize its internal beliefs about 
the fault location. IN-ATE can even 
interactively guide a novice user 
through each step of a troubleshoot- 
ing session. 

IN-ATE has been used by 
Northrop Corp for automated test- 
ing of avionics on its F-5 fighter. 
The system also provides IEEE-488 
bus support for computer-controlla- 
ble test instruments. Procedural at- 
tachments let IN-ATE automatical- 
ly program and activate test 
equipment. IN-ATE comes in sever- 
al configurations for use with the 
Macintosh, VAX, and TI’s Explorer 
workstation; price varies from 
$5000 to more than $30,000. 

The specialized test stations (one 
version costs between $350,000 and > 
$450,000) sold by Teradyne for 
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VLSI in-cireuit testing also incorpo- 
rate an expert system to accurately 
isolate faults. The expert system 
analyzes test data using a set of 
diagnostic rules and knowledge 
about circuit topology. The system 
also includes the tests performed by 
the test station in its diagnostic 
analysis, including any relationships 
among nodes that are directly and 
indirectly involved in each test. If a 
failure so requires, the system will 
perform additional tests to clarify a 
failure condition. Once the system 
completes all the tests, the expert 
system eliminates spurious results 
and generates a repair message for 
each fault. The system can also pro- 
duce a history of device failures and 
generate statistical fault summaries 
by node and by component. 
Teradyne has used AI in its diag- 
nostic systems for the past 10 years, 
but with the increasing complexity 
of analog circuits and the large num- 
ber of active nodes that a test sta- 
tion confronts during a VLSI in- 
circuit test, the use of AI becomes 
critical. Each true fault that occurs 
on a board can create several other 
apparent faults. Successful device 
isolation isn’t always possible on a 
heavily populated board. As a re- 
sult, Teradyne has developed a hier- 
archical organization of rules that 
govern the diagnostic process using 
procedural, production, and table- 
based schemes to minimize diagnos- 
tic time and the amount of memory 
used to execute the diagnosis. The 
Teradyne system uses both forward 
chaining and backward reasoning to 
arrive at a suitable fault diagnosis. 
An overview of Teradyne’s diag- 
nostic system and the interactions 
among the various components in 
the system are illustrated in Fig 1. 
Notice that once the knowledge 
base obtains the test results from 
the test analyzer, the inference en- 
gine has access to information from 
every area in the system. Note also 
that the inference engine can also 
provide data to certain databases in 
the system. As soon as a fault has 
been identified, the system modifies 
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the knowledge database so that the 
inference engine can use the new 
data to evaluate the remaining 
faults. 

Although most expert systems 
designed for electronic engineering 
fall neatly into the traditional CAE/ 
CAD formats, one of the oldest and 
most useful expert systems solves 
theoretical and applied mathemati- 
cal problems. Originally developed 
in Lisp in the late 1960s at MIT, 
Macsyma represents over 100 man- 
years and more than 100,000 lines of 
source code. More than 600 techni- 
cal papers have _ referenced 


Macsyma, which is described as 
both a programming language and 
an interactive system. 

Since 1982, Symbolics has sup- 
ported and enhanced Macsyma for 
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DEPENDENCY 
DATA 


CIRCUIT 
TOPOLOGY 


FAILED TEST 
ANALYZER 


KNOWLEDGE 
DATABASE 


RUN-TIME 
SYSTEM 


DEVICE 
MODELS 


use on four manufacturers’ comput- 
ers: DEC’s VAX 11/7XX, Sun Micro- 
systems’ Sun-2 and Sun-3, Mass- 
comp’s MC5500, and Symbolics’s 
3600 Series. Price ranges from 
$6000 to $60,000. 

Macsyma uses a library of sym- 
bolic math techniques to solve dif- 
ferential equations; to compute La- 
place and inverse Laplace 
transformations; to factor polynomi- 
als; to simplify expressions; to com- 
pute Poisson series; and to generate 
Fortran statements from Macsyma 
expressions. It also uses the tech- 
niques to compute definite and in- 
definite integrals symbolically; to 
manipulate matrices, vectors, and 
tensors; to compute indefinite sum- 
mations; to plot curves and surfaces; 
and to translate programs into Lisp 


HISTORICAL 
DATABASE 


INFERENCE 
ENGINE 


DIAGNOSTIC 
RULES 


Fig I—A diagnostic expert system from Teradyne incorporates a number of interactions 
among the various system components. Note that the inference engine has access to 
information throughout the system and can also provide data to certain databases in the 
system. 
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Wyse takes 


44 GRR, bb. 2288 


Wyse raises the standards for 
high resolution graphics, while 
lowering the cost. 


You can do it all on the 
Wwy-700. A complete system, 
monitor and board, for just $999. 


the high cost 
out of high resolution. 


At $999, the WY-700 Graphics Subsystem 
is easily affordable. And its 1280 x 800 
resolution makes the best of software 


packages like these: 


DESKTOP PUBLISHING 


Ventura Publisher 

PageMaker/PC 

Frontpage 

DeskSet 

Pagemaster 

Rim System 

Compound Document 
Processor 

Display Ad Make-up 
System 

AdvanTex 


GENERAL PC SOFTWARE 


Lotus 1-2-3 


Symphony 
PC-Paintbrush 


Now you can have high With a large 15-inch display, 
resolution and full IBM soft- full tilt and swivel, and a crisp 
ware compatibility. 1280 x 800 pixel resolution. 

So Desktop publishing The WY-700. It’s your best 


applications can get the screen 
treatment they deserve. You 
can run spreadsheets like Lotus 
1-2-3 with four times 
more data displayed on 
the screen. Computer- 
Aided Design packages 
can deliver their full 
potential. And Graphics- 
based pc environments 
finally have the high res- 
olution they were made for. 


solution for high resolution. 
Write Wyse Technology, 
Attention: Marcom Dept. 700, 


WYSE is a registered trademark of Wyse Technology. WY-700 and the “V” shaped design are trademarks of Wyse Technology. © 1986 Wyse Technology. 
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COMPUTER-AIDED 
DESIGN 


AutoCAD 

Cadvance 

In-A-Vision 

Generic CADD 
VersaCAD ADVANCED 
Workview 

Procad PC 

P-CAD Systems 


GRAPHIC SYSTEM TOOLS 


MS-Windows 
GEM 
MetaWindows 
HALO 

KEE PC 


3571 N. First Street, San Jose, 
CA 95134. Or call toll-free, today, 
for more information. 


Call 1-800-GET-WYSE 


WYSE 


YOU NEVER REGRET A WYSE DECISION. 
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for later compilation. And Macsyma 
provides answers in symbolic form, 
as a graph, or in Fortran code. Use- 
ful applications for EEs include 
VLSI design, analysis of electro- 
magnetic fields and interference, 
and control theory. 

But if you’re faced with IC design 
choices that are of a more funda- 
mental nature, you might want to 
consider a consultation with VLSI 
Technology’s Design Assistant. 
This expert system helps you weigh 
the numerous tradeoffs that must be 
resolved before designing any com- 
plex IC. For example, Design As- 
sistant can compare gate arrays ver- 
sus cell-based implementation or 
custom design. It can evaluate par- 
titioning alternatives and the maxi- 
mum number of elements that you 
Should squeeze into one chip. It even 
offers suggestions about the type of 
packaging you should use. Other 
interesting functions include esti- 


mation of chip size and power con- pleted your design. Or you can use 
sumption. the system to provide “what if” 


Design Assistant performs these analysis before you actually begin 
analyses even before you have com- your design. To facilitate system 


For more information .. . 


For more information on the CAE systems described in this article, contact 
the following manufacturers directly or circle the appropriate number on 
the Information Retrieval Service card. _ 


Teradyne Inc _ 
321 Harrison Ave 
Boston, MA 02118 
(617) 482-2700 
Circle No 717 


Automated Reasoning Corp 
290 W 12th St, Suite 1D 
New York, NY 10014 

(212) 206-6331 

Circle No 711 


Symbolics Inc 

11 Cambridge Ctr 
Cambridge, MA 02142 
(617) 577-7500 

Circle No 714 


Logic Automation Inc Tektronix CAE Systems Inc VLSI Technology Ine 

19545 NW Von Neumann Dr 12303-A Technology Blvd _ 1109 McKay Dr 

Beaverton, OR 97005 Austin, TX 78727 _ SanJose,CA 951381 =| 
(503) 690-6900 (512) 331-1303 (408) 434-3000 sts 
Circle No 712 Circle No 715 


CircleNo7i8 


PA Technology Telesis Systems Corp 


Princeton Laboratories 2 Omni Way 

279 Princeton Rd Chelmsford, MA 01824 
Hightstown, NJ 08520 (617) 256-2300 

(609) 426-4700 Circle No 716 


Circle No 713 


Now, implement GPIB systems 
faster. If you're putting together 
GPIB systems based on PCs, here’s 
good news. Now you can intercon- 
nect any of the over 4000 IEEE 488- 
compatible devices faster than ever 
before. With hardware controllers 
that transfer data at 450 Kbytes/ 
second, and complete development 
support from Ziatech. 


To get your application up and 
running in record time, we offer 
an extensive set of software tools. 
These include directly linkable device 
drivers for efficient, high-speed 
operation. Installable drivers that 
use PC-DOS to link application 
programs and devices. Plus talker/ 
listener drivers that allow the PC 
to control up to 15 devices or act 


as a device being controlled. Then to 
Save programming time, we provide 
a variety of application-level utility 
routines for typical instrumentation 
tasks. And a full complement of high- 
level programming languages. 

You also have access to applica- 
tions support that’s second to 
none. With complete, up-to-date hard- 
ware/software documentation. 
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conception and to help document 
your alternatives, the system lets 
you enter block diagrams with data 
that describes your design. You can 
also enter data as gate count, a list 
of TTL parts, or a captured net list. 
Naturally, the accuracy of Design 
Assistant’s recommendations im- 
proves with the accuracy of the de- 
sign details. 

Currently available only in VLSI 
Technology design centers, the De- 
sign Assistant will be released for 
use on VAX, MicroVAX, Apollo, 
Elxsi, Ridge, HP 9000 Series 320, 
and Sun computers as an integrated 
part of VLSI Technology’s IC de- 
sign system in the second quarter of 


1987. Pricing for the Design Assist- 


ant module will be $25,000. The 
VLSI IC design software varies in 
price from $20,000 to $140,000. 
Notably, not every useful CAE/ 
CAD package that is advertised as 
an expert system actually uses tra- 


Local technical seminars. And a tech- 


nical support hotline direct to factory 


applications engineers, for imme- 
diate answers. 

Get fast turn-around on all 
orders. We ship all GPIB controller 
orders promptly. By meeting tight 
deadlines ourselves, we can help you 
meet yours. 

For product and pricing details 
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ditional AI techniques. AI and ex- 
pert systems are the latest buzz- 
words for fashionable software, and 
many companies may stretch tradi- 
tional AI definitions to gain atten- 
tion for their products. 

Logic Automation provides ex- 
tensive board-level logic simulation 
via software modules called Smart- 
Models that encompass the behavior 
and characteristics of more than 
1000 components—including memo- 
ries, »Ps, PLDs, and ALUs. Al- 
though device simulation is com- 
monly used in IC design, board- and 
system-level designs are typically 
developed by breadboarding the cir- 
cuit and then fine-tuning the design 
during multiple prototype phases. 
However, the complexity of many 
board-level devices is increasing to 


such a degree that simulation has 


become a necessary tool for design- 
ing sophisticated pe boards. 
SmartModels are written at the 


sTD BUS 


MULTIBUS 


- [Mustration of Dupont 990 


behavioral level, giving them speed 
and functionality advantages over 
models developed by other compa- 
nies using a gate-level approach. 
Some of the latest models offered by 
the company include Intel’s 80386, 
IBM’s CMAC—a complex number 
multiplier/accumulator, and TRW’s 
TVC341 4-port memory. Prices for 
the company’s models range from 


$400 to $5000, with special packages 


of multiple models costing as much 
as $25,500. 

SmartModels include a symbolic 
hardware troubleshooting mecha- 
nism called Symbolic Hardware De- 
bugging to identify design errors 


that can escape even prototype test- 


ing. As noted by Robert Hunter, 
marketing vice president, “The I/O 
protocols of the IBM CMAC, for 
example, are so complex that it will 
be virtually impossible to design 
with it successfully without simula- 
tion.” 


on Ziatech IEEE 488 interfaces 
for PC BUS—as well as STD Bus or 
MULTIBUS“ call (805) 541-0488 today. 


<|z1aTeEcH 


CORPORATION 


3433 Roberto Court, San Luis Obispo, CA 93401 
Telex: 4992316 
MULTIBUS is a trademark of Intel Corporation 
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wnt 9900 Thermal Analysis systems. Dupont 
‘Company, Instrument Systems Division, Wilmington, Delaware 
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On hie 


Winchester 


ROUND PIN/ROUND HOLE—With a 


Electronics 


C-PRESS contact, you can insert a 


round pin into a round hole. This innovative engineering achievement 
(Patent #4017143) absorbs potentially destructive energy while providing 


excellent electrical and mechanical 


characteristics. C-PRESS contacts 


meet or exceed MIL-STD-2166 and ANSI/IPC-D-422. 


-PRESS contacts are ap- 

proved in 40 year life equip- 

ment - your assurance of 
long term dependability and 
performance. Unlike two and four 
point press-fit systems, the C-Press 
“TRUE” compliant pin naturally 
conforms within the board to the 
shape of the plated thru-hole. In 
addition, you get the benefits of rear 
plug-up and freedom to mount 
components on both sides of the 
board, without costly masking or 
hand soldering operations. 


Remove & Replace 

The ability to remove and replace 
contacts through the insulator, as 
well as remove and replace an 
insulator without disturbing the 
contacts, saves you time and money. 
Enjoy the rewards of low insertion 
forces (40 Ibs. max. per pin) and high 
retention forces (10 Ibs. min. per pin), 
even after multiple replacements. 


This macro photo cutaway is an actual 
unretouched compliant contact “C” 
section at maximum and minimum 
diameter. 


Design Flexibility 

The C-PRESS system gives you 
Pre-Assembled Edgecard Connec- 
tors, a variety of Signal Pins, D-Subs, 
MIL-83503 Headers, Telecom- 
munications, Power Terminals, Strip 
Headers, DIN Connectors . . . and 
more. 


True Compliant Fit 

Because the compliant section of 
the C-PRESS contact neither warps a 
board nor distorts the hole, it is an 
excellent choice for use in multi- 
layered and Multiwire® boards. 


MULTIWIRE® is a Registered Trademark of Kollmor 
Winchester Electronics, Div. of Litton Systems, Inc. 
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IN & OUT of the BOARD... 
Without Solder 

With this broad line, you don’t have 
to mix solder and press-fit technology 
on your backpanels: That really 
simplifies production! 

Over the years, billions of C-PRESS 
contacts have been _ successfully 
installed by communications, com- 
puter, medical equipment and back- 
panel suppliers. 


Cost Savings 

In-plant production and working 
with your backpanel subcontractor is 
more cost-effective using C-Press 
contacts. Proven automation tech- 
niques and tooling help cut manu- 
facturing steps, boost reliability, 
simplify operations and ensure low 
cost field repairability on single pins 
and insulators for the life of the 
connection. 


For more information, contact: 

Tim Wrenn, C-Press Product Manager, 
Winchester Electronics, 400 Park Rd., 
Watertown, CT 06795, (203) 755-5000 


Litton 
Winchester Electronics 


gen Corp. C-PRESS is a Registered Trademark of 
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Logic Automation uses experi- 
enced IC designers to develop these 
models. These designers determine 
from data books the kinds of prob- 
lems a systems engineer is likely to 
encounter when using a part. They 
then write specific checks for these 
problems into the models to aid in 
design analysis. When an error oc- 
curs during simulation, the model 
issues a message stating the loca- 
tion, time, and nature of the prob- 
lem. 

It is therefore the Symbolic Hard- 
ware Debugging that encompasses 
the bulk of the expertise drawn 
upon for what Logic Automation 
refers to as “Knowledge Based Sys- 
tems Analysis.” The heading of a 
sidebar in the company’s brochure 
even states that SmartModels actu- 
ally turn your simulator into an ex- 
pert system. 

Yet, the company’s current prod- 
ucts do not actually provide inferen- 
tial reasoning capability. Nor do 
they incorporate any type of AI- 
based machine-learning techniques. 
However, the sophistication of the 
design analysis offered by Symbolic 
Hardware Debugging does make 
them useful—though not AI-based 
—products. EDN 
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ineer 
Company, 41 Hampden Road, 
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Tektronix Aided 
Expanding Beyonc 


CAE solutions are fine, as far as they 
go. Trouble is, they don't go far enough. 
Which is precisely why we developed 
Tektronix Aided Engineering. 

So you Could get all the solutions you 
need to move your product from concept 
to completion. 

Solutions that take you beyond 
design capture, verification and layout. 

And into prototype verification, 
software development and testing, 
systems integration, mechanical design 
and manufacturing. 

Design solutions you need. From 
Tektronix. All running on industry-stan- 
dard hardware platforms. 

Here's Tektronix Aided 
Engineering. 


PRODUCT Electronic 
CONCEPT eo seih 


Definition 
Electronic System 


Definition 
Structured Analysis Tools ‘ — 
Documentation : : spe 5 
TekWriter (Interleaf) 


Electronic Design Capture 
Designer's Database Schematic Capture 


Design Verification 


TRADITIONAL 
CAE 
i 


Fe ee 


ELECTRONIC | 
DESIGN == 
CAPTURE 


HILO-3 Logic Simulation System Softwa re Software | 
HICHIP Hardware Modeler me | 
Standard Components Libraries Design and Develop a 
ASIC Libraries i 

SPICE 2G.6 with I/O graphics Specify and Debug 


MicroLink Interface Te . 
ektronix 


Software ngineering 
Design and Specify E 

Structured Analysis Tools 

Structured Design Tools 


Software Develop and Debug 
Language Directed Editors 


Assemblers Mechanical 
Compilers a 
Emulators Design 
Language Development Systems 

(LANDS) 


HILO and HICHIP are trademarks of GenRad, Inc. SPICE is based on Berkeley SPICE, University of CA at Berkeley. SCICARDS is a trademark of Scientific Calculations, Inc. CALAY isa 
trademark of Calay, Inc. CADDS4 is a trademark of ComputerVision.GARDS and CAL-MP are trademarks of Silvar-Lisco, Inc. TekWriter, Designer's Database Schematic Capture, MicroLink, 
TekniCAD, MERLYN-P MERLYN-G, MERLYN-S. and LEIA are trademarks of Tektronix, Inc. TurnChip is a registered trademark of Tektronix, Inc. Dracula is a trademark of ECAD, Inc. 
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ngineering: 
CAE Solutions. 
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Layout 
MERLYN-P PC Board 

MERLYN-G Gate Array 

MERLYN-S Standard Cells and Blocks 
LEIA Full Custom 

TurnChip ASIC Layout Modules 
SCICARDS Interface 

CALAY Interface 

CADDS4 Interface 

GARDS Interface 

CAL-MP Interface 

Dracula Layout Verifier 


Prototype Verification 
DASLink Interface 
Logic Analyzers 


Mechanical Design 
Plot 10 Graphics Software 
TekniCAD 


Manufacturing 

PC Boards 

Gallium Arsenide 

IC Production Testers 


That’s the Power of Tektronix Aided 
Engineering. 

Best of all, it’s from Tektronix. The 
name you've always trusted to deliver the 
solutions you need to get the job done. 
As well as the worldwide service, support 
and training. 

To expand your world with Tektronix 
Aided Engineering, contact your local 
Tektronix, CAE Systems Division, sales 
office or call (800) 547-1512. Tektronix, 
CAE Systems Division, 5302 Betsy 
Ross Drive, PO. Box 58137, Santa Clara, 
CA 95052-8137. 
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COMMITTED TO EXCELLENCE 


ZyMOS puts Big Blue 


How do you get 100% compatible PC-AT functionality in into your em’ 


Stuff it! 


That’s right. Now you can add PC-AT 
functionality to your system by 
stuffing it with the PC on A Chip — 
or POACH CHIP, as we call it. Up to 
25,000 gates. Another CMOS inno- 
vation from ZyMOS — the leader in 
SuperCell™ technology. 

_ Actually it’s two chips, that 
replace over 50 of the 96 devices (53%) 
on a PC-AT motherboard, including 
all the microprocessor peripherals ae 
_ Two chips freeing up all that board 
space. Now, what does that mean 
to you? 

Among other things— you can 
improve the performance, function- 
ality and cost of your board or 
system. And make it more reliable 
too! Since POACH is implemented in 
high speed CMOS, you can also expect 
a reduction in heat and power con- 
sumption. Imagine your system 
performing at 12 MHz! 

ZyMOS PCs on Chips are standard 
products so you can design them in 
fast. Getting your offerings to market 
—ahead of time. And ahead of your 
competition. 

POACH Chip sets are only part of 
_the story. Since they are implemented 
with cells from our SuperCell library, 
you can integrate any of your iAPX 
designs as we did the PC-AT. These 
cells are 100% functionally compati- 
ble with original off-the-shelf micro- 
processor peripherals they replicate. 
And can be interfaced to RAMs, 
ROMs, PLAs and other cells from our 
1.8n CMOS library. 
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_ Besides the ° POACH pepe 


form as vlrined) | 
always ready to assist you. 


on the availability of the “‘right 
stuff’. The POACH Chip Evalua | 
Kit. It includes the two chip set ph 
surrogate motherboard. Put Big Blu 
compatibility in your black box _ 
now — and turn your competition 
green with envy. 


POACH AT CMOS Peripherals 


*8237A DMAController 

8254 Programmable Interval Timer 
Programmable Interrupt Controller 
8284 Clock Generator 


82284 Clock Generator and Ready Interface 
82288 Bus Controller 
LS612 Memory Mapper 


6818 Real-Time Clock/RAM 
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Ahead of Time. 


ZyMOS Corporation 

477 North Mathilda Avenue 
Sunnyvale, CA 94086 

Phone: (408) 730-5400 

TWX: 910-339-9530 ZyMOS SUVL 


ZyMOS Sales Offices: 

Sunnyvale, CA, (408) 730-5400 

Los Angeles, CA, (818) 331-0604 
Chicago, IL, (812) 272-7855 

Boston, MA, (617) 263-7873 
Atlanta, GA, (404) 662-1579 

Fort Lauderdale, FL, (305) 272-1509 


IBM is a registered trademark of International Business Machines Corporation. 
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_ Designing chips is like charting 
the unknown. You're better off with an 
experienced guide. 

Like LSI Logic. 

Our advanced ASIC approach 
gets you where youre going as easily 
_as board level or TTL. But it lets you 

put so much logic into so little space, 
you may never want to rely on stan- 
dard parts again. 

It’s simpler than you might 
expect, too, because our ASIC designs 
mean fewer components. — 

And fewer components mean 
fewer bugs. 

And smaller footprints. 


And smaller manufacturing costs. 


But the best news is how fast 
we get you out of the jungle and into 
the silicon. 

With software that will guide 
your designs into production the same 
way it has already guided more than 
3000 others: with a 100% first-time 
hit rate. Guaranteed. 


In as little as three weeks. 

Go from 500 to 70,000 usable 
gates. On your own PC, workstation, 
mainframe or at any of our 30 design 
centers worldwide. 

Where you'll get all the help you 
need to go from the drawing board 
to the assembly line. : 

You'll also get the optimum ASIC 
for the job, because you always have 
the optimum choice. From Gate Arrays, 
Compacted Arrays” and Structured 
Arrays" to Standard and Structured 
Cells“—the broadest product line in 
ASIC. All created with the same 
proven design methodology. And all 
processed in HCMOS technology. 

Write to LSI Logic, 1551 
McCarthy Blvd., MS D105, Milpitas, 
CA 95035 for your ASIC Starter Kit. 

So the next time you have to trek 
across a blank CAD/CAM screen, 
you can do it with an experienced 
guide. 

To the path of least resistance. 


LSIPGSS 


©1987 LSI Logic Corporation. Compacted Arrays, Structured Arrays and Structured Cells are trademarks of LSI Logic Corporation. 
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SEVENTH-GENERATION MULTI-CAGE © CARD CAGES 


See What Our Eleven Years of 
Multibus Reliability Engineering 
Do tor Yours. 


aq) 


Provisions for 
fan mounting. 


Structural materials 
beefed up 
for toughness. 


Less crosstalk on 
high-speed clock lines. 


Durable 
Corrosion-resistant 
Finish 

Card guides in 

fifth generation 

of rigidity 
improvement. 


Deeper grooves 
for better card 
grip, less flexing. 


Alternating guide 
colors for easier 
card insertion. 


6 


Before you put your Multibus 
system packaging through the 
same rigorous engineering as 
the rest of your system, let us 
tell you about what’s already 
been done. 

When we designed and built 
our first Multibus card cage, the 


engineering was just beginning. 


It was back in ’76—genera- 
tions ago as computer eras are 
measured. Electronic Solutions 
was a Multibus systems house. 
And Multibus was just begin- 
ning, too. 

The card cage was the best 
around. So we put it into 
production. 

And we've never stopped im- 
proving it since. 

Today our Multi-Cage is the 
number one selling Multibus 


LZ 


card cage. Because over the 
years it has been engineered 
and re-engineered to make your 
engineering job easier. 
High-performance back- 
planes feature extensive ground 
planes that minimize crosstalk 
and improve TTL performance. 
Busing on both sides gives the 
backplane a large current carry- 
ing capacity. 
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Aircraft-type Secure Fasteners 


Multi-Cages through an 
evolutionary process have been 
made more and more rigid. So 
cards stay put better under 
shock and vibration conditions. 
Special aircraft-type fasteners 
never loosen their grip. And the 
brushed anodized aluminum 
finish has developed into one of 
the most corrosion resistant 
ever put into a card cage. 

And whatever you want ina 
Multibus card cage you can get 
in a Multi-Cage card cage. 


Electronic < 
Solutions By 


UNIT OF ZERO CORPORATION 


A Recognized. 


Lip stiffens the 
backplane board. 


Big backplane 
ground plane for 
less ambiguity 
in TTL logic. 


Fully Terminated 


Heavy current 
carrying capacity. 


Configurations for 
iSBX™ and 
wire wrap cards. 


Mount on any axis. 


Models with 3 to 26 slots. Con- 
figurations for iSBX and 
wirewrap cards. Free standing 
or horizontal or vertical rack 
mounting. You name it, you can 
have it. 

Multi-Cage. We never 
stopped improving it. Because 
if the card cage isn’t engineered 
right, your system won't be 
either. Dial our toll-free number 
today and ask for complete 
information. 


6790 Flanders Drive, San Diego, CA 92121 » (619) 452-9333 TLX: 910-335-1169 


Call Toll Free: (800) 854-7086 In Calif: (800) 772-7086 
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PRODUCT UPDATE 


16-bit VME Bus CPU module executes 
high-level languages directly 


By implementing in hardware the 
stack-oriented virtual-machine en- 


vironment that most high-level pro- — 


cedural languages operate in, the 
XVME616 16-bit VME Bus CPU 
module allows you to run high-level 
languages, such as Pascal or C, two 
to three times faster than code com- 
piled for a conventional register- 
oriented wP. As a result, the CPU 
can eliminate the hand-coded, as- 
sembly-language program seg- 
ments that you’d otherwise need in 
order to achieve sufficient pro- 
cessing speed for demanding real- 
time applications. 

The XVME616’s processor com- 
prises an ALU with two separate 
1024-word data and subroutine-re- 
turn stacks. Minimizing the number 
of data transfers associated with 
each instruction, the data stack is 
closely coupled to the processor’s 
ALU so that the ALU’s operands, 
resident on the top of the data 


stack, are immediately available at 


the ALU inputs. The use of a sepa- 
rate subroutine-return stack, close- 
ly coupled to the program counter, 
provides a combined subroutine-call 
and -return instruction time of 400 
nsec. The processor can context- 
switch between tasks in 5 psec. 

Because data is contained in a 
separate stack, local variables and 
subroutine operands maintain the 
same position in the data stack dur- 
ing subroutine-call and -return in- 
structions, simplifying the code re- 
quired for passing parameters 
between subroutines. 

The XVME616’s instruction set 
targets the execution of high-level 
languages, and it includes C and 
Forth language primitives. The pro- 
cessor is microprogrammed with 
512 56-bit words of microcode that 
are contained in ROM, and most 
instructions execute in three or four 
clock cycles (150 to 200 nsec at the 


Microcoded with instructions oriented toward the execution of high-level languages, the 
XVME616 VME Bus CPU module targets real-time applications in which compiled code for 


conventional pPs won’t run fast enough. 
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CPU’s 20-MHz clock frequency). A 
C compiler will be available for the 
module this quarter, and the CPU’s 
manufacturers will work with users 
to develop custom microcode for 
user-specific languages or applica- 
tions. 

The board comes with an opera- 
ting-system kernel, which, with the 
addition of an optional disk-control- 
ler board, provides a stand-alone 
program-development system for 
writing programs in C or Forth. 
The development-system software 
features a profiler that allows you to 
determine the proportion of total 
execution time occupied by various 
program segments. If you find that 
particular segments don’t run fast 
enough, you can have high-speed 
application-specific instructions in- 
corporated in the microcode. 

The XVME616 comprises two 
double-Eurocard VME Bus boards 
mounted on a single front panel. Its 
onboard memory includes 128k 
bytes of static RAM, two 28-pin 
sockets for as much as 128k bytes of 
EPROM, and a boot ROM to load 
the operating system. Additional 
onboard facilities include two RS- 
232C serial ports, a real-time clock/ 
timer, a watchdog timer, and a sin- 
gle-digit front-panel alphanumeric 
LED display. The CPU operates as 
an A24/D16 VME Bus master, and 
it includes a priority-interrupt han- 
dler for the seven VME Bus inter- 
rupt levels and for various onboard 
interrupt sources. The VME Bus 
interface also includes a single-level 
bus arbiter and bus time-out facili- 
ties. The XVME616 costs $3950. 

—Peter Harold 

Xycom Inc, 750 N Maple Rd, 
Saline, MI 48176. Phone (8138) 429- 
4971. 
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READERS’ CHOICE 


Of all the new products covered in EDN’s December 11, 1986, issue, the ones reprinted here generated the most 
reader requests for additional information. If you missed them the first time, find out what makes them special: 
Just circle the appropriate numbers on the Information Retrieval Service card, or refer to the indicated pages in 
our December 11, 1986, issue. 


VOLTAGE , 
< REGULATOR BSI eee) eos 
The L4941 5V/1A volt- Bs wade 
age regulator achieves a 
typical dropout-voltage 
rating of 450 mV (700 
mV max) at full load and 
features a typical 
ground-pin current of 35 
mA (50 mA max) at full Fe Beene nee 
load (pg 158). | 
SGS Microelettronica 


| WS: LOCIA(MAGHITUBECW7)) 


SpA. , 

Circle No 606 SPREADSHEET A 

SGS Semiconductor Dadisp II provides post-acquisition data analysis in a 
Corp. spreadsheet format on IBM PCs and compatibles (pg 
Circle No 607 210). 


DSP Systems. 
Circle No 605 


LANGUAGE FOR PC > 
Smalltalk/V is an implementation 
of the vendor’s nongraphics version 
of this object-oriented program- 


Systes Tranacript 


ming language (pg 221). ea - A : 

Digitalk Inc. econ somes 

Circle No 603 Aisi dependentters 
SEALED BATTERIES A se mente 


The SBS family of sealed lead-acid 
batteries comprises four models, 
the SBS 30, 40, 110, and 300, 
which provide 26, 35, 100, and 300 
Ahr, respectively, at discharge 
rates of C/20 (pg 254). 

Gates Energy Products Ince. 
Circle No 604 


ADAPTERS pP> 


Series ANC-9068 and 
-9084 adapters let you 
wire-wrap prototypes of 
designs employing LCCs 
or pin-grid-array (PGA) 
devices (pg 108). 
Antona Corp. 

Circle No 602 


A CLOCK/CALENDAR IC 


The CMOS ICM7170 real-time 
clock chip furnishes either a 12- or 
24-hour time in an 8-bit binary for- 
mat over the military temperature 
range (—55 to +125°C) (pg 60). 
GE/Intersil. 

Circle No 601 
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“Sierra’s 
new power supplies 
got VDE” 


Why not?! From 45 to 500 watts, every 
open frame switching power supply 
in our new wide line meets VDE 0806 
for safety. And all have a TUV logo on 
the side to show they’ve been approved 
to these precise VDE standards; not 
“designed to meet:’ Of course, none of 
this should surprise you. After all, every 
switcher we’ve introduced since 1983 
meets VDE. 

In addition, these power supplies 
all meet VDE 0871, Level A for con- 
ducted noise. Some even meet the more 


“Should they really 
be talking about 
something like that 
in an ad?” 


stringent Level B requirement, includ- 
ing the new “10 to 120KHz” standard. 
Oh, since we got VDE, we figured 
we ought to get approvals for UL and 
CSA plus conform to FCC, IEC and other 
international regulatory agencies as well. 
So if your product needs a power 
supply PDQ that meets VDE, UL, CSA, 
ETC., call ASAP. Sierra Power Systems 
(formerly Sierracin), 20500 Plummer 
Street, Chatsworth, California 91311. Call 


toll-free (800) 423-5569. In California, | Sierra Power Systems 
(818) 998-9873. Division of Valor Electronics, Inc. 
CIRCLE NO 74 
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LEADTIME INDEX 


Percentage of respondents 
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The world 


as everyone knows, 
Is analog 


Seeing it both ways 


is the beauty of 
Intersil DSP 


Should they happen upon a perfect rose, 
most people will wisely stop, sample its beauty, 
and move on. 

But there’s a certain breed of engineer who 
won't let it go at that. They'll find themselves 
overwhelmed by the desire to “process” the 
experience. 

In an instant, they'll have labeled the rich 
color and velvet texture as “analog signals.” 

From there, it’s just a matter of time before 
they’ ve transformed the rose into a repeatable, 
verifiable stream of digital bits. 

They can then commit this information to the 
perfect memory ofa digital computer. From which 
it can be recalled, and its image replicated, ona 
high resolution color monitor. 

The engineer can now enhance the flower’s 
image. Perhaps try a different color. Or add a few 
petals. He might even use his new database to 
create a species of his own. All these fantastic 
calculations and transformations are one 


example of the imaginative world of digital 
processing, or DSP. 

In the last few years DSP has blossomed into 
one of the most exciting system design tools. 

By moving from analog to digital processing of 
analog signals, engineers can overcome the drifts 
that plague analog circuitry. They can manipulate 
empirical data and explore engineering tradeoffs. 
And they can erect elaborate models using com- 
puter simulation. 

But to do any of this effectively, the designer 
needs a DSP supplier who is comfortable in both 
the analog and digital worlds. 

With over 17 years of analog leadership, and 
20 years of corporate experience in DSP to draw 
upon, Intersil is uniquely qualified to work with 
the DSP engineer. 

On the pages that follow, you'll see that 
Intersil, by taking an integrated approach to the 
DSP marketplace, has created your best, single 
source of complete DSP system solutions. 


at . = need new DSP products. 


= — new DSP parts in the months ahead. And 
| we'llbe bumping up the speed and 
| resolution of our data converters, too. 


Anything's possible with Great Engineering. 


: Ne said we ‘re going me t all the 
= base s needs. Obviously, that means 


Sowell be introducing a family of ten 


is Should give you an idea of the DSP 


Thanks to a $40 million GE invest- l ‘excitement that you can expect from Intersil. 
ment in our fabs, these will be the most | Tolearn more call 
complex ICs in our history. 


1-800-443-7364, ext. 777. 
(In NY State, 1-800-243-7364, ext. TT. 1) 
And be sure to ask about what else we've got _ 


Using our new 1.3-micron AVLSI capability, 
we ll integrate over 100,000 transistors. And meet 
the toughest military standards with four DESC- 


_ certified fab lines. coming. You'll find it’s quite a bit of everything, 

One of our first new DSP parts is a fromAtoDSP a 

CMOS FIR Filter, the IM29C128. And we're For free on-line information dial 

aretiy proud otit 1-800-345-7335 (203-852-9201 in Connecticut) 
It delivers ten times the performance of alter- and follow the On-Line Instructions printed on 

native products, and consumes less power. the back. 
Most remarkable, however, is how easy it is 

to work with. 


Because along with the chip, we're releasing a 
new FIR Filter Development System. With it, and | | (L 
your IBM®-compatible PC, you can design a 
digital filter in a matter of hours. 
Even if you have absolutely no digital 
experience. 


Intersil. 
Everything from — 
Ato DSP 


Every signal processing system has three 
elements: analog to digital conversion, digital 
processing and digital to analog conversion. 

Knowing this, Intersil has taken the only 
logical approach to DSP: a complete, integrated 
system from a single supplier. 

We intend to become the signal processing 
engineer’s one-stop shop. 

You might have expected this solution from 
Intersil. We’ve always chosen the systems 
approach to problems. Consider our work in 
instrumentation. 

Working with instrument engineers, we've 
developed 17 families of “instruments on a chip.’ 
They perform all the functions for an instrument in 
a single CMOS part. 


Given our history, you might 
also have expected that the DSP - 
marketplace is very important to us. oe 

After all, we've always worked | 
in analog signal conditioning, data. = 
acquisition and data conversion. And : 
we ve integrated analog and digital 
functions on the same chip. A case 
in point is our monolithic 40-uSEC © 
14-bit ICL7115 A/D Converter. - 

So today, whenourtraditional | — 
analog customers are movinginto =| 
DSP, it just makes sense for us to 
help them bridge the gap. 


Anew DSP company with | oe 
20 years of DSP experience. | 


| Going i into DSP, 


_ our own experience 


company, General 
~ Electric, isa world 


-anddevelopment. | 
The GE Aerospace : 
Group ius ae tens of millions oidolars. 


perfecting very high speed, very fine line geometry, eo — 


digital ICs. And for 20 years,GE divisions 
have been working inallthe classic _ 
DSP disciplines. Including radar, 
sonar and medical imaging. 

So when we went into 
DSP, we didn’t go it alone. 
We were in good company. 


we hada lot more than : ; — 


to draw on. Our parent - : SS : 


| ender hse tC 
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Intersil. The DSPhouse 


built on asolid, analog foundation. 


ICL7115 14-Bit High Speed 
CMOS Microprocessor- 
Compatible A/D 
Converter 

The ICL7115 is the first 
monolithic 14-bit resolution, 
fast successive approxima- 
tion A/D converter. It uses 
thin film resistors and 

CMOS circuitry combined 
with an on-chip EPROM 
calibration table to achieve 
13-bit linearity without laser 
trimming. Special design 
techniques used in the DAC 
and comparator result in high 
speed operation, while the 
fully static silicon-gate 
CMOS circuitry keeps the 
power dissipation very low. 


ICL7151 10-Bit A/D 
Converter with Track 
and Hold 

The ICL7151 is a 10-bit A/D 
converter that achieves 
throughput rates of 60kHz 
with Two-Step Flash 
algorithm. A pipelined 
operation has been achieved 
with a switched capacitor 
technique that allows the 
device to sample new input 
voltages while a conversion 
is taking place. The ICL7151 
requires a single reference 
input of +2.5V, which is 
internally inverted to -2.5V, 
thereby allowing an input 
range of -2.5V to +2.5V. The 
reference input to the device 
is internally buffered by a 
high speed CMOS amplifier, 
which greatly simplifies the 
external analog drive 
requirements for the device. 
A track and hold amplifier 
has been fully integrated on 
the front end of the A/D con- 
verter. The timing signals for 
the track and hold amplifier 
are generated internally, and 
are also provided externally 
for synchronization pur- 
poses. The ICL7152is a 
faster version of the ICL7151; 
it has a throughput rate of 
200kHz. 


IM29C128 Finite 
Impulse Response 
Filter Controller 

The 16-bit FIR Filter Con- 
troller (FFC) provides all the 
data history, storage and 
programmable filter cycle 
control logic required to 
implement FIR filters of up 
to 128 filter points. When 
used in conjunction with an 
external filter coefficient 
memory, of up to 128 words 
by 16 bits, and an industry 
standard 16-bit Multiplier- 
Accumulator (MAC), the 
FFC provides the system 
designer with the ability to 
implement a powerful FIR 
filter with only three ICs. 
The FFC provides all the 
control signals required to 
operate the MAC and the 
coefficient memory as tri- 
stateable devices, allowing 
multiplexed usage of these 
resources. 


IM29C510 CMOS 16 x 
16-Bit Multiplier- 
Accumulator 

The IM29C510 is a high 
speed 16 x 16-Bit Parallel 
Multiplier-Accumulator that 
operates at a 65ns clock rate 
(more than 15 MHz Multiply- 
Accumulate rate). The two 
input registers accept an x 
operand and a y operand and 
yield a full precision product. 
Built with Intersil’s AVLSI 
1.3-micron CMOS process, 
the IM29C510 16 x 16-Bit 
Multiplier-Accumulator is pin 
and function compatible with 
the same speed, at one-sixth 
or less power dissipation, as 
bipolar versions. 


ICL7134 14-Bit 
Multiplying 
Microprocessor- 
Compatible D/A 
Converter 

The ICL7134 combines a 
four-quadrant multiplying 
DAC using thin film resistor 
and CMOS circuitry with an 
on-chip EPROM-controlled 
correction circuit to achieve 
true 14-bit linearity without 
laser trimming. 
Microprocessor bus inter- 
facing is eased by standard 
memory WRite cycle timing 
and control signal use. Two 
input buffer registers are 
separately loaded with the 

8 least significant bits (LS 
register) and the 6 most 
significant bits (MS register). 
Their contents are then 
transferred to the 14-bit DAC 
register, which controls the 
output switches. The DAC 
register can also be loaded 
directly from the data inputs, 
in which case the registers 
are transparent. The ICL7134 
is supplied in two versions. 
The ICL7134U is programmed 
for unipolar operation while the 
ICL7134B is programmed for 
bipolar applications. 


ICL7121 16-Bit 
Multiplying 
Microprocessor- 
Compatible D/A Converter 
The ICL7121 achieves 0.0003% 
linearity without laser 
trimming by combining a four- 
quadrant multiplying DAC using 
thin film resistors with an 
on-chip EPROM-controlled 
correction circuit. Silicon-gate 
CMOS circuitry keeps the 


‘ power dissipation very low. 


Microprocessor bus inter- 
facing is eased by standard 
memory WRite cycle timing 


INTERSIL 


Intersil, Inc., A Division of GE/RCA Solid State 
10600 Ridgeview Court, Cupertino, CA 95014 


and control signaluse. The _ 
input buffer register is loaded © 
with the 16-bit input and direct 
controls the output switches. | 
The register is transparent if 
WR and CS are held low. i 


and FIR Filtering System | 
The Intersil EVK-128 pro- 
vides a moderate speed data | 
acquisition, conversionand 
high speed digital filtering 
system for the IBM PC and 
most compatibles. Con- 
sisting of a board that 
occupies a Single slot in the 
PC, the card digitally filters 
data with a filter length of 0 
(unfiltered) to 128 taps, 
utilizing the Intersil 
IM29C128 Finite Impulse 
Response Filter Controller 
(FFC) and 29C510 16-bit 
multiplier-accumulator 
(MAC). Throughput is a 
function of required filter 
length, withan 80nspertap .. 
processing rate. Includedisa 
floppy disk with an easy-to- 
use menu-driven FIR filter 
design programforthePC, @ 
including coefficient calcula- 
tions, time andfrequency |, 
calculations and plotting jj 
capabilities and prompts for 
controlling the different 
modes of operation of the 4 
board. The package contains _ 
complete documentation, 
including detailed 
schematics, printed circuit | 
layout, partslist, timing 
diagrams and applications } 
literature. The user may 
copy any of this for his own 
system design, if desired. 


Save space with 
‘Mini/Bus* Bars 
? I Improve power distribution 


Save more space with 
Q/PAC* components 


Achieve efficient power distribution 


Stop noise with 
Shielding Strips 


@ Create shielding enclosures from 


MM Reduce required board layers Provide built-in capacitance 


Eliminate up to half the decoupling 
» capacitors 


‘Fit between or beneath IC’s 
‘Ml Also available 


economy 


_ in surface denser IC mounting 
mount @ 2 or 3 conductors 
Send for Rogers Send for Rogers 
Mini/Bus® Bars Q/PAC® 
- Application Bulletin. Application Bulletin. 
CIRCLE NO 75 CIRCLE NO 153 


_ End warpage with Board Stiffeners 


@ Rigidize boards 
during and after 
assembly 


@ Prevent vibration 
and shock damage 


@ Save custom tooling, high installation costs 
 One-step installation requires no hardware 
@ Use as a ground, or to carry up to 64 amps 


_ Send for Rogers Board Stiffeners 
_ Application Bulletin. 


CIRCLE NO 192 


Hi Eliminate decoupling capacitance 
Mi Gain 4-layer board quietness with 2-layer 


@ Vertical or horizontal mounts for 


Standard conductor strips 


@ Assure noise-free, reliable 
operation 


@ Prevent shorting of board 
components 


Send for Rogers 
Shielding Strips 
Application Bulletin. 


CIRCLE NO 114 


Keep high current on-board 
@ Rogers High Current PCB Bars bus up to 64 amps 
@ Efficient operation on back planes, motherboards 


@ Save space in power supplies 
or power conditioning equipment 


Send for Rogers 
On-Board 
Application Bulletin. 
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For workstations that 
thrive in a multivendot 


HP’s powerful family of technical workstations fits 
right in with your present computing resources, as well 
as those added in the future. With industry standard net- 
working, operating systems, and languages. Plus hundreds 
of advanced application packages, and performance extras 
to give you the competitive edge in all of your engineering 
and technical activities. 

Our solutions are implemented on one of the indus- 
try’s largest technical computer and workstation families. 
It consists of the HP Technical Vectra PC, the HP 9000 
series 200/300/500, and the new model 840 Precision 
Architecture Computer. 


Full UNIX System V compatibility. 


HP’s technical workstations use AT&T’s System V 
UNIX operating system with Berkeley 4.2 enhancements 
and HP improvements. The result is a standard tuned to 
the workstation environment with windowing, real-time 
I/O extensions, graphics, six languages and other extras. 


The networking you need. 

HP offers the networking to unify design, test, manu- 
facturing, and technical office automation in your company. 
You'll have ARPA and Berkeley services and TCP/IP on 
Ethernet** and IEEE 802.3 to provide connectivity with 
IBM, DEC, and other vendors’ products. 


AI power without special AI machines. 

You get everything you expect in a multipurpose 
workstation, plus the ability to run Artificial Intelligence on 
the same machine. Based on Common Lisp, it lets you 
harness AI power for accelerated software development. 
You can also get premier expert system tools from com- 
panies such as Intellicorp and Teknowledge. 


Wide range of graphics solutions. 


The choice is yours...from low-cost monochrome to 
high-resolution color monitors...from simple report 


run UNIX systems 4 
environment, talk to 


graphics to 3D solids modeling. There are industry stan- 
dards like GKS and ANSI Computer Graphics Virtual 
Device Interface (CG-VDI), to protect your investment 
by making your existing software portable. HP’s acceler- 
ated graphics solutions are highly modular, so you can 
upgrade whenever you choose. 


- ~ Hundreds of application packages. 

Specialized technical applications? No problem. HP’s 
application packages include logic and analog CAE, PCB 
CAD, microprocessor software development, 2D design 
and drafting, 3D solids modeling and finite element anal- 
ysis, documentation and report generation, and database 
management. New software packages are constantly being 
added for an even larger selection. 


HP—protecting your investment. 

Buying HP’s solutions is not only a smart decision 
initially, but it provides the added benefit of lower cost 
of ownership that reflects our commitment to quality and 
service. For more information, call your local HP sales 
office listed in the telephone directory white pages. 


Tap HP’s DATA-LINE 


for complete facts...instantly! 

For on-line information 24 hours a day, use your com- 
puter, modem, and HP’s DATA-LINE. Dial 1-800-367-7646 
(300 or 1200 baud, 7 bits even parity, 1 stop bit). 

In Colorado call 1-800-523-1724. 


*UNIX is a trademark of AT&T. **Ethernet is a trademark of Xerox Corporation. 


wv, 
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The new SBE MPU-20 for Multibus. 

If you'd like to add 32-bit performance to your 68000- 
based system, the MPU-20 makes it simple. Pull your 68000 
board. Plug in the SBE IEEE-796 compatible MPU-20. 
That way, you'll get the power (typically 2.5X to 5.0X faster) 
and flexibility of an MC68020 system while you protect 
your investment in existing hardware and software. If you 
could use a little help, our team joins your team. And our 
customers will tell you we're second to no one in engineering 
and software support. 

Top-end performance. 

No compromises. The MPU-20 is designed to function 
as a Standalone microcomputer, as a single CPU controller 
in a Multibus system, or, as one of many CPUs in a multi- 
processor configuration. Running at your choice of 12.5 or 
16.7 MHz, the MPU-20 combines high performance with 
versatile I/O components. The combination is particularly 
applicable to process control, robotics, data acquisition 
and machine vision. And if you're turbocharging an exist- 
ing system, the MPU-20 runs most 68000 software 
immediately. It's loaded with powerful features like 1 to 
8 Megabytes of on-board, parity-protected, dual-ported 
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RAM and two independent, full duplex RS-232-C channels. 
And optionally, a 68881 floating point coprocessor and 
memory management. 

Bottom-end prices. 

No compromises. With SBE, you can build in the 
performance your customers need, at a price you and your 
customers can afford. $1995 in 100's. Other people may 
compare with that price, but they can’t compare with the 
performance of the MPU-20. And we encourage you to 
shop them all. 

A no compromise offer. 

If you'd like to evaluate the MPU-20 for yourself, we 
make it easy. We offer systems designers and engineers our 
“Starter Kit;’an MPU-20 standalone computer board 
with 1 Megabyte of RAM, plus PROBUG*® software and 
cabling at the quantity 100 piece price of $1995. And 
we offer our guarantee: If it isn’t everything we say it is, 
just return it for a refund. And if you ever have a problem, 
we want to hear about it. 

Better boards. Better prices. 

We're committed to the price/performance equation. And 
we're equally committed to better engineering, better software, 


TRADEMARKS: UNIX, AT&T; REGULUS, ALCYON, INC.; VRTX, HUNTER & READY; UNIFY, UNIFY CORPORATION; ULTRACALC, OLYMPUS SOFTWARE; COMUS AND PROBUG, SBE, INC. 
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modules to operating systems, languages and utilities. 4 Kes 

More than boards. Solutions. ‘ 

When you look to SBE as your supplier you get boards, 
in quantity, on time. You also get our support team in 
both hardware and software. Because we want to offer you 
total solutions. Even custom solutions for qualified OEMs. 
Our aim is to see that you get better systems, faster, and at 
better prices. No compromises. 

One stop shopping. 

Check off your interests on the adjacent coupon. Mail 
it to us and we'll mail back our short form catalog plus spec 
sheets on the boards and software that particularly inter- 
est you. Can't wait? Call us Toll Free: (800) 221-6458. In 
California: (800) 328-9900. Tell us what you need. We'll 
get back to you with solutions. Fast. 
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Industrial buses 
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The variety of computer boards and bus structures is as extensive as the range of applications that they serve. When selecting a bus and 
deciding which functions to buy and which ones to design yourself, make sure you consider the needs of your application: A modern bus based 
t’s supported by many manufacturers. (Photo 


on a state-of-the-art »P might be your best choice, but so might a reliable, established bus tha 

courtesy Pro-Log Corp) 
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Don’t let technology alone determine your choice of 
a computer bus. You can spend a lot of time arguing the technical 
merits of electrical and physical bus structures, but the keys to 
your selection dont necessarily depend on the CPU: 
Instead, board size, power requirements, and ease of interfacing 
may be the determining factors. 
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Jon Titus, Editor 


Too many people allow the attractions of state-of-the- 
art technology to determine their choice of a computer 
bus for an embedded controller, so they end up purchas- 
ing computer boards with more advanced or sophisti- 
cated functions than they need. For the most part, 
however, you don’t need to concern yourself with 
whether or not a processor multiplexes information on a 
bus. Instead, you’ll want to look for a computer bus that 
lets you get your project up and running quickly and at 
minimum cost. When choosing a bus, you'll also want to 
know about the availability of special-purpose I/O 
cards, controller boards, and CPUs that meet your 
needs. Because a project doesn’t end when you ship the 
product, service and long-term support are also impor- 
tant considerations when you choose a bus. 

If you’re developing a computer that requires special- 
purpose interface circuits, you may have to design your 
own interface circuits. If such.is the case, choose a bus 
that lets you design and test interface circuits easily. 
Although you have many buses to choose from, it’s best 
to start looking at the ones that offer a broad range of 
functions and are already reasonably popular. 

Many OEMs favor open buses that aren’t tied too 
closely to individual manufacturers. Two such open 
buses are the PC Bus and the STD Bus. Although IBM 
developed the PC Bus, so many companies now offer 
compatible motherboards, buses, and add-in cards that 
IBM cannot control the way the bus specifications 
develop. Likewise, although Pro-Log developed the 
STD Bus, there are now so many suppliers of the bus, 
as well as a manufacturer’s group, that the company 
could not independently make changes to the bus 
specifications. By providing momentum for a de facto 
standard, a group of companies can make it difficult for 
one company to control a standard for its own ends. 

According to Harry Henry of The Marketing Infor- 
mation Center (Marlboro, MA), approved standards, 
low cost, alternative sources, and a future expansion 
path are among the industrial-bus user’s highest con- 
cerns (Fig 1). Bob Davis of Summit Computer Systems 
Inc (Los Gatos, CA) adds that some of the primary 
considerations in choosing a bus depend on four major 
factors: 

@ How long the end products will be in use 

@ How many of the products you'll make 

@ Who will service the products 

@ Who will do any necessary add-in work. 
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The S-100 Bus is alive, well, and expanding to 32 bits. The XXU 
card from Cromemco includes a 32-bit MC68020 wP chip as well as 
memory and an optional MC68881 math coprocessor chip. 


The longer your product’s useful life, the more your 
bus-board suppliers must be committed to long-term 
support. If a manufacturer is new or just starting in the 
bus market, carefully consider its past experience—if 
any—in supporting its products. If you’re making only 
a few systems, you’ll have to weigh engineering costs 
against the cost of buying ready-to-run cards. Although 
you may be able to engineer a proprietary system 
yourself, don’t forget to consider the extra debugging 
and testing that all new designs require. 

Davis suggests that if nontechnical people will be 
adding boards to a system in the field or replacing 
boards for service, the computer should be able to set 
itself up for operation without requiring the service 
people to change jumpers or switch settings. Also, 
because computers invariably require service, the 
board size, ease of repair, ease of replacement, and 
replacement cost are all important factors in your 
decision about which bus to use. 

Lyn Hills, manager of marketing communications at 
Cromemco Inc, echoes the sentiments of many bus 
users when she says that bus markets are now driven 
by people’s needs for solutions and not by their love of 
new technology. However, she adds, “Government bid 
situations are still difficult. To government people, the 
latest buzzword is attractive and they want it in the 
spec.” 

General-purpose microcomputer buses got their start 
in the Altair computer produced by MITS (Albuquer- 
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The S-100 Bus is still very much alive, 
although many people don’t consider using 
it because it’s almost 11 years old. 


que, NM) in 1975. MITS has been out of business for 
some time, but its S-100 computer bus lives on. Al- 
though the S-100 Bus (IEEE-696) is now well defined 
(Fig 2), no standard was set for the bus when it 
appeared in the first Altair computers. Inconsistent use 
of the bus’s signals by manufacturers often led to 
incompatibilities among early S-100 boards. Many of 
the older S-100 boards, for example, had memory- 
address problems because of ambiguous I/O-port ad- 
dress assignments elsewhere in the computer. The 
standard S-100 bus now encompasses a bidirectional 
16-bit data bus, a 24-bit address bus, and eight status 
lines. The bus also provides eight priority-interrupt 
lines (Table 1). 

Ernest Wassmann, vice president of marketing at 
Intercontinental Microsystems Corp, believes that the 
S-100 Bus has gone through a normal growth cycle but 
is now in decline. Lyn Hills of Cromemco takes a similar 
view. To her, the decision to use the S-100 Bus is more 
an emotional than a technical issue. People think the 
5-100 is obsolete because it is almost 11 years old, she 
Says. 

Cromemco won’t abandon the 8-100 Bus, even though 


it also plans to manufacture VME Bus products before 
the end of 1987. For example, the company now supplies 
a CPU board that incorporates a 32-bit MC68020 wP as 
well as an optional MC68881 math coprocessor chip and 
as much as 64k bytes of EPROM. About 90 other 
manufacturers still actively support the S-100 bus, and 
manufacturers recently formed the S-100 International 
Trade Association (SITA). The organization hopes to 
publish a newsletter and a manufacturers list. On the 
technical side, SITA is working on 32- and 64-bit 
extensions of the bus. 


STD Bus cards are straightforward 

Another bus with a long and active history is the STD 
Bus, which originated at Pro-Log Corp in late 1978. 
Mostek Corp (Carrollton, TX) joined with Pro-Log to 


sponsor the STD Bus concept. The current family of 


STD Bus vendors includes hundreds of manufacturers 
that offer broad lines of products as well as some 
vendors that sell only a few special cards. According to 
the basic STD Bus philosophy, customers buy only the 
functions they need. Thus, STD Bus manufacturers 
keep their cards straightforward. They don’t cram disk 


IMPORTANCE 


DESIGN 
ISSUE 


NOTE: 
DATA SUPPLIED BY THE MARKETING 
INFORMATION CENTER (MARLBORO, MA) 


Fig 1—Bus users’ concerns aren’t primarily technical. Users point to future compatibility, second sources, and approved standards as their 


top three concerns when they choose a computer bus for an embedded controller. 
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The availability of MS-DOS software for 
the STD Bus opens numerous possibilities 
for soplisticated control applications. 


A 9-slot passive backplane for IBM PC boards removes all the active 
circuitry from the motherboard. You select individual cards to meet 
your specific needs for the CPU and I/O functions. (Photo courtesy 
I-Bus Systems) 


Jim Eckford, vice president of sales and marketing at 
Ziatech Corp, views his customers as machine-control 
experts, not microprocessor experts. “These people can 
work with MS-DOS software. They’re users, not com- 
puter nerds. They don’t care about the bus, they’re just 
comfortable with the PC-like atmosphere.” However, 
even though its customers are familiar with the IBM 
PC, Eckford doesn’t foresee the PC making big inroads 
into the STD Bus market. 

Whenever engineers talk about buses, invariably 


someone reopens the old debate about the reliability of 


the card-edge connector (used on the STD Bus, the 
5-100 Bus, the PC Bus, and other buses) vs the 
reliability of the pin-and-socket (DIN) connector (used 
on the VME Bus, G64 Bus, and other buses). Eckford 
dismisses the controversy as a nonissue. In his 10 years 
of experience, he has yet to see a documented failure of 
a card-edge connector. Pro-Log’s Virgo agrees, “With 
all that is packed on an STD Bus card now, components 
will probably fail before the connector does.” 
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According to many users, few edge connectors have 
caused the problems ascribed to them in the folklore of 
computer engineering. Keep in mind that before the 
advent of the DIN connectors, many minicomputers 
worked flawlessly while using card-edge connectors, 
even under less-than-ideal conditions. If DIN connec- 
tors do offer an advantage over the card-edge connec- 
tors, however, the advantage is in density. A standard 
DIN bus connector provides 96 contacts; an edge con- 
nector that takes up the same space offers only 56. 

STD Bus connectors aren’t a problem, says Fred 
Cederblom, an engineer at Jet Propulsion Laboratories 
(JPL) (Pasadena, CA). However, on Multibus I comput- 
ers, the connectors have been a problem simply because 
of the card size and the long connector length. Badge 
readers that use STD Bus computers have been operat- 
ing at JPL for five years without a problem, although 
‘Cederblom notes that such computers might have prob- 
lems in a high-vibration environment. 


Consider long-term support 

Cederblom likes the modular approach of the STD 
Bus because it lets him buy just what he needs and 
because the bus isn’t proprietary. Multibus I boards, on 
the other hand, provided more functions than he 
needed. Further, he found errors in Multibus documen- 
tation from Intel, and he has found it impossible to get 
replacement PROMs and PALs for Intel boards. “Com- 
panies we deal with must be interested in long-term 
support—as long as 10 years for some JPL equipment,” 
he says. 

David Chase, an electrical engineering manager at 
Peak Systems (Fremont, CA) expresses wonder at the 
way some engineers select buses. He thinks that, 
overall, engineers stick with the approaches that others 
have used. Because few engineering schools expose 
students to buses or bus-selection criteria, Chase be- 
lieves, a lot of engineers do seat-of-the-pants designs. 
“Many people will just say, ‘Let’s throw a 68000 at this 
problem.’” Chase adds that a person does not readily 
leave his base of hardware and software. 

Chase, who has 12 years of engineering experience, 
intends to continue using the STD Bus. To him, soft- 
ware and software support are very important. Like- 
wise, good vendor support, the large number of STD 
board suppliers, and the low cost of STD boards are 
important parts of his decision. 

Peak Systems buys between 65 and 75% of the STD 
Bus cards that go into its equipment. Even though 
cards for the remaining functions may be available 
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commercially, Peak builds them. For example, one of its 
custom 3-axis motor-control cards occupies one card 
slot. Using equivalent off-the-shelf cards would require 
extra slots in the computer. “The time spent on the 
interface is trivial,” says Chase. “It’s not a big problem 
anymore.” 


Although STD Bus manufacturers boast about alter- 
nate sources and the wide variety of available cards, 
Chase says that few drop-in equivalents exist. For 
example, two CPU cards may have the same pP, but 
each has its own options and enhancements. You can’t 
just remove one card and replace it with an equivalent 
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Organizations and publications offer help 


Manufacturers of the major bus © 


products often belong to groups 
that promote bus structures to 
both prospective customers and 
old ones. One such group, the 
VME Bus Industry Trade Asso- 
ciation (VITA), offers a VME 
Bus Compatible Product Direc- 
tory ($14.95 US; $19.95 else-- 
where) that lists over 150 compa- 
nies that manufacture VME Bus 
products. VITA has 55 company 
members and numerous individ- 
-ual members. The group also 
has an office in Europe. 

For more information about 
the VME Bus, you can subscribe 
to VMEbus Systems, a bimonth- 
ly magazine (from the company 
of the same name) promoting the 
VME Bus. Subscriptions are 
free to qualified readers; others 
ean subscribe for $16 in the US 
and Canada, $50 elsewhere. 

A similar magazine for G64 
enthusiasts, G-64 Only, is avail- 
able from Gespac. A typical 
issue contains technical articles _ 
and information about new Ges- 
pac products. Subscriptions are 
free to qualified readers. 

Multibus I and II manufactur- 
ers offer services through the 
Multibus Manufacturers’ Group, 
which lists over 49 member com- 
panies. The group offers a book- 
let that covers Multibus prod- 
ucts. You can get information 
about the STD Bus Manufactur- 
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er’s Group (STD MG) from Pro- 
Log Corp. Both Pro-Log and 
Ziatech have been driving forces 


behind the STD Bus group for 


some time. The group is now 
working on the final version of 
its 16-bit bus specification. 

Bob Varga of Faraday Elec- 
tronics Inc will send you infor- 
mation about the new PC Ex- 
tended Technology (PCET) 
standards committee, which is 
working on a 32-bit standard for 
the next generation of PC-type 
computers. 

People interested in the 5-100 
Bus can contact the S-100 Inter- 
national Trade Association 
(SITA) care of Ernest Wassmann 
at Intercontinental Microsystems 
Corp. Wassman says that the 
group plans to start a newsletter 
and to publish a list of compa- 
nies working on 8-100 Bus 
products. 

Books can also be a source of 
information about industrial 
buses. For a detailed and neutral 
look at the computer buses and 
the products available for them, 
consider the handbooks pub- 
lished by the Microcomputer In- 
terface Group. Each handbook 
covers one microcomputer bus, 
and the group publishes new 
editions yearly. The volumes 
cost $39.95 each. 

Further, Zebu Research Corp 


publishes a Who’s Who for the 


board industry. The book lists 
manufacturers as well as the key 


contact people in each company 


($250). The book doesn’t cover 
many of the companies involved 
exclusively in the IBM PC bus 
market, however. 

Seminars and trade shows also 
provide a great deal of informa- 
tion about buses and their capa- 
bilities. Many of the bus compa- 
nies offer seminars about the 
buses they support and the 
products they sell. You can con- 
tact the companies individually 
to find out about their course 
schedules. For example, Micro/ 
Sys offers a half-day seminar 
about using board-level comput- 
ers in embedded systems. Semi- 
nars and technical papers are 
also presented at the Buscon 
shows (sponsored by MultiDy- 
namics Inc), which take place on 
the West coast in the winter and 
on the East coast in the fall. 

Finally, many manufacturers 
provide detailed data books, in- 
struction manuals, and other 
technical information that tells 
you about their products and the 
specific buses they run on. An 
example is Pro-Log’s extensive 
Technical Manual and Data 
Book. The book contains product 
specifications as well as applica- 
tion notes about how to use 
products, write software, and 
interface cards to I/O devices. 
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The G64 Bus extends the STD Bus concept 
to Eurocard boards that offer pin-and-sock- 
et connectors. 


This G64-type card, the GESMPU-20 from Gespac, provides an 
MC68020 uP and an MC68881 math coprocessor chip. The card 
supplies both RAM and PROM. Beneath the PROM sockets are 
additional surface-mount RAM chips. 


from another manufacturer. To protect yourself from 
losing a source of boards, Chase recommends that you 
have the manufacturer set up an escrow account. Such 
an account would contain a package of drawings, speci- 
fications, and other documents that you can obtain if the 
manufacturer drops a product or leaves the market. 

The Syva Division of Syntex Corp (Palo Alto, CA) 
uses STD Bus boards in its blood analyzers. During 
product development, the company didn’t have a lot of 
resources for electrical engineering. “We want to use 
off-the-shelf boards, mostly those relating to instru- 
ments,” explains engineer Rob Burnside. Fhe most 
important factors in choosing the STD Bus were modu- 
larity, cost, and serviceability, not raw CPU power. 
According to Burnside, the small, simple STD Bus 
boards help make it easy for service people to do on-site 
testing and repairing. 

Despite his familiarity with the PC/AT, Burnside 
won't use an industrial version of the PC/AT for his 
company’s instruments. For one thing, he says, the 
industry lacks the special I/O cards he would need for 
such a system. He also thinks that the rectangular STD 
Bus boards are more reliable mechanically than the 
longer PC bus cards are. 

Alternatives to the STD Bus offer similar computer 
and I/O functions on small cards. One such alternative, 
the G64 Bus, was launched in Europe by Gespac Inc to 
answer the need for small computer boards that could 
be built into controllers. The G64 Bus uses standard 
single-width Eurocards and a 96-pin, pin-and-socket 
type-C DIN connector (DIN 41612). From the start, the 
G64 Bus set its sights on 16-bit uP applications. Al- 
though the G64 Bus has typically supported mainly the 
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6800 and 68000 w.P families, it now supports the Z80, 
8085, 8088, and other pPs. 

Marc Marinello, marketing manager of Gespac Inc, 
sees the G64 Bus as the STD Bus of Europe and as a 
replacement for the STD Bus in North America. Be- 
cause the company’s G64 bus is in the same general 
market as the STD Bus and the single-width VME Bus, 
Gespac is in a tough market fight. Although it claims to 
have quite a few customers, Gespac is the only source of 
G64 Bus cards in the US. Europe boasts several addi- 
tional suppliers, but in the US these companies are 
virtually unknown as G64 Bus vendors. 


G64 Bus offers low-cost boards 

The G64 Bus has its adherents, however. For exam- 
ple, Generic Technologies Inc (Horsham, PA) builds an 
optical-inspection system in which a 68000-based com- 
puter controls nine stepper motors. The low cost of the 
G64 Bus’s 68000 CPU board was the overriding factor in 
the company’s choice of the G64 Bus, says Al DiTullio. 
“The documentation seems to be a literal translation 
from a foreign language, but if you can put up with it 
and if you know the pP, it’s no problem.” However, he, 
an experienced engineer, warns that the G64 isn’t a 
beginner’s bus, although it could be if its documentation 
were better. 

DeTullio isn’t bothered about the lack of alternative 
G64 Bus product suppliers in the US. “There are no real 
second sources for most buses’ boards. You can’t take 
your PROMs and plug them into someone else’s board 
and get them to run. Everyone has another feature or 
extra circuit that complicates things.” 

Because of his hardware and software experience 
with the 68000, DeTullio won’t switch to another wP. 
Such a switch would force him to learn the new pro- 
cessor’s cycle timing before he could accurately re- 
establish his system’s real-time tasks. He would consid- 
er using the 68000 on the STD Bus, but he doesn’t think 
the wP runs fast enough in that configuration for his 
needs. For real-time applications, he says, “Don’t use 
an 8-bit CPU if you can justify the cost of a 16-bit 
computer.” 

Another G64 Bus user is Randy Robinson, who 
designed a vehicle-control system when he worked at 
Johnson Engineering Corp (Boulder, CO). Because the 
engineers at the company were familiar with the 68000, 
and because the project required a quick decision, his 
group chose the G64 Bus. The computer was going into 
a vehicle, so DIN-type connectors were necessary for 
added vibration resistance. 
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Most Multibus I cards include many functions. The MPU-12 from 
SBE Inc offers the main CPU as well as memory, I/O ports, 
special-purpose I/O controllers, and expansion connectors on one 
board. Note the two light-colored SBX connectors above the four 
EPROM chips and above the square chip in the center of the board. 


Robinson’s company designed much of its own hard- 
ware. Of the 12 cards in the final computer system, 
eight were custom designs. The ease of interfacing 
circuits to the G64 Bus and the company’s previous 
experience with the 68000 »P figured heavily in the 
decision to use the bus. Robinson thinks that the G64 
Bus is an advancement of the basic STD Bus concept 
and that the G64 Bus offers a better connector. To 
improve the bus, he suggests, you should have a few 
uncommitted pins on it for special signals. 

Although the G64 Bus didn’t use all of the signals on 
the DIN connector, Gespac’s new G96 Bus does. Actual- 
ly, the G96 Bus isn’t completely new. It simply adds to 
the signals on the G64 bus, extending the G64’s address 
range to 24 bits. The 32 added signals include extra 
power, ground, and control lines. The data bus remains 
16 bits wide. 

You can also obtain 16-bit computers that operate on 
the VME Bus, which many engineers erroneously 
consider to be a 32-bit bus for large computer systems. 
Motorola joined with Mostek Corp (Carrollton, TX) and 
N V Philips/Signetics (Sunnyvale, CA) to develop the 
VME Bus standard (IEEE P1040), which the compa- 
nies released jointly in December 1981. The VME Bus 
reflects its 16-bit heritage by offering both 16- and 
32-bit data paths, as well as both 24- and 32-bit address 
paths. In fact, the VME Bus specification encompasses 
three buses: the global bus (VME), a local parallel bus 
(VMX), and a serial bus (VMS). Most VME Bus appli- 
cations use the global bus. You might use the VMX Bus, 
say, to control I/O devices. 

VME Bus cards come in two sizes: single-width VME 
cards with one DIN connector and dual-width boards 
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that have either one or two DIN connectors. The 
smaller cards support 16-bit wPs; the larger cards can 
support both 16- and 32-bit Ps. The single-width cards 
are found more often in embedded computer systems 
than are their larger dual-width relatives. Most of the 
dual-width cards target higher-level applications. 

Because the VME Bus specifications are now a pro- 
posed IEEE standard, Ray Alderman, vice president of 
sales at Matrix Corp, considers the single-width VME 
Bus boards to be part of a “bulletproof” specification— 
in other words, a spec that no one company will be able 
to control. In Alderman’s opinion, the single-width 
boards are ideal for building controllers that don’t 
require a console, keyboard, or display. And although 
the dual-width boards aren’t aimed at the controller 
market, he acknowledges that some of these boards find 
use in that market. 

Alderman thinks users should avoid racing headlong 
to upgrade 16-bit computers that may not need upgrad- 
ing. He adds, “All buses have a place, but be careful 
which pieces of technology you use—and at what price. 
If you’re bottling beer, use a programmable controller. 
Some tasks just don’t require a computer.” 

Dan Farkas of Owens Illinois Inc (Toledo, OH) de- 
cided to use a 68000-based computer in his department 
because a sister department had experience using the 
68000 uP. The single-width VME Bus card he buys 
from Mizar Inc supports the VMX I/O bus, which helps 
unload routine I/O tasks from the CPU. However, 
Farkas and other users are becoming impatient as they 
wait for manufacturers to offer more functions on VMX 
Bus-compatible cards. Possibly because the specifica- 
tions for the VMX Bus are not completely defined, 
companies hesitate to invest in new VMX Bus designs. 

Also, cautions Farkas, “Not all of the commercial 
backplanes are equal. The quality of the signals varies. 
We had good results with the Motorola, Schroff, and 
Dawn VME backplanes. Some of the others caused 
lockup and bus errors.” To test the backplanes, Farkas 
ran seven processors, each of which tested the memory 
on one of the other CPU boards. He suggests keeping 
an eye on the type of termination on the bus—passive or 
active. He found that active terminations gave the best 
results in his application. 

In your search for a useful bus, don’t overlook Multi- 
bus I. Although the bus has been in use since 1976, the 
bus’s originator, Intel Corp, and many other companies 
actively support the bus with new products. The origi- 
nal 8080-based Multibus (now called Multibus I) com- 
puter board provided two card-edge connectors, an 
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The IBM PC Bus is available on passive 
mother boards that let you select just the 
functions you need. 


Additional I/O functions on small cards connect to the SBX connec- 
tors on Multibus I cards. The small cards, which are SCSI controllers 
from SBE Inc, add circuits without taking an extra bus slot. 


86-pin connector for the main bus signals, and an 
auxiliary 60-pin connector. 

The main bus now encompasses 20 address signals 
and a 16-bit data bus. The auxiliary connector has 
evolved into the local LBX Bus, which supports commu- 
nications between memory and I/O devices that usually 
operate with one CPU board. The LBX Bus supports 
24 address lines and 16 data lines. The Multibus I 
boards also include an onboard SBX I/O connector that 
lets you connect small daughter boards directly to the 
Multibus I CPU card. The 44-signal SBX Bus contains 
three address lines and 16 data lines. 

Multibus board manufacturers such as Central Data 
Corp offer a variety of SBX modules that extend the 
utility of Multibus I computer systems without requir- 
ing you to add extra cards to your computer. Central 
Data also supplies an SBX motherboard that lets you 
mix and match as many as six SBX modules on one 
Multibus I card. 

In early 1980, Intel began development of Multibus 
I’s successor, Multibus II. The new bus specification 
was released in November 1983, but so far there has 
been little activity to suggest that manufacturers are 
aiming the bus at industrial-control applications. In 
general, the bus suits applications that require a great 
deal of 32-bit processing power—a graphics processor 
or a multiprocessor computer system, for example. 
Detailed information about Multibus I and II is avail- 
able from the Multibus Manufacturer’s Group. 

Although the Multibus I specification now extends to 
only a 16-bit data bus, Tom Powell, an engineer at 
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Synergy Microsystems Inc (Encenitas, CA), believes it 
will eventually extend to 32-bit CPUs. He says that by 
placing an MC68020 »P chip and 4M bytes of local 
memory on one Multibus I card, you can have programs 
in the local memory that operate with the 32-bit CPU at 
full speed. The computer treats the Multibus I signals 
as a path for communication with other cards for I/O 
and control purposes. Thus, Multibus I manufacturers 
can offer you more processing power without forcing 
you to relinquish your previous investments in I/O and 
control boards. 

Abe Abramovich at Control Automation Ine (Prince- 
ton, NJ) wants to keep the investment he has in 
Multibus I boards. Instead of switching buses, he 
expects to take advantage of the more-advanced tech- 
nologies that continue to appear on Multibus I cards. 
Abramovich’s company bet its circuit-board inspection 
system on Multibus I computers, reasoning that the 
standard wouldn’t run out of steam with Intel behind it. 


Multibus I and II offer design contrasts 

As for interfacing, Abramovich says, “The Multibus I 
hardware is well-defined and handbooks are available, 
so it’s not difficult to grind through designs. In con- 
trast, Multibus II isn’t easy to design with. As for 
Multibus I, the mechanics were the worst part; mechan- 
ically, it’s not robust.” 

Although the Multibus I finds use in new applica- 
tions, Mike Heins, CPU and systems product manager 
at Central Data, admits that if you don’t have experi- 
ence with a bus, you'll probably choose the VME Bus 
instead of the Multibus I. However, he quickly adds 
that unless you want a 68000-family processor, the 
VME Bus may not be your best bet, because so few 
other processor families are available on that bus. 
Heins also says, “Keep in mind that peripherals and I/O 
boards are still 8- and 16-bit devices. The new 32-bit 
boards are sexy, but support may not be available.” 

More than enough support is readily at hand for the 
IBM PC’s expansion bus. The availability of complete 
technical specifications and the wealth of software and 
software-development tools make the PC suitable for 
many industrial tasks. The original IBM PC provides a 
large mother board that contains the main computer, 
memory, and five expansion connectors. However, after 
you add the cards that are necessary for the computer 
to operate, few expansion connectors, or slots, exist for 
control and I/O cards. Luckily, newer computers such 
as the IBM PC/XT, PC/AT, and compatibles offer 
additional slots for add-in boards. 
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Omnibyte Announces 


a New Generation 


of Board Level Technology ) 
The OMNIMODULE™ Concept 


Modular 1/O 


for VME Boards 
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A Look At Today .. . A Vision Of Tomorrow. 
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The PC Bus isn’t limited to clean, benign 
environments; a PC-based computer system 
controlled the submersible vehicle that ex- 
plored the wreck of the Titanic. 


Each IBM PC expansion slot furnishes a 62-contact 
card-edge connector. Each connector provides access to 
the computer’s 8-bit data bus, 20-bit address bus, and 
control signals. The IBM PC/AT computer lets you add 
as many as eight expansion boards. The IBM PC/AT 
provides additional connectors for six of the expansion 
slots. The extra connectors expand the bus signals so 
that expansion cards can operate with a 16-bit data bus 
and a 24-bit address bus. 


By offering a small passive bus instead of a large 
motherboard in their PC-compatible computers, several 
manufacturers follow the approach taken by Zenith 
(Benton Harbor, MI) in its Model Z-150 PC-compatible 
computer. The computer’s small passive-bus board con- 
tains no active electronics and is more rigid than a large 
motherboard. Plug-in boards provide the CPU, memo- 
ry, disk controllers, and other necessary functions. 
Such computers can be expanded quickly and thus are 
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For more information .. . 


For more information about the industrial-bus products discussed in this article, circle the appropriate numbers on 


the Information Retrieval Service card or contact th 
mind that there are many more manufacturers of in 


Central Data Corp 
1602 Newton Dr 
Champaign, IL 61821 
(217) 359-8010 

Circle No 679 


Cromemco Inc 

Box 7400 

Mountain View, CA 94039 
(415) 964-7400 

Circle No 680 


Dawn VME Products Inc 
2403 De la Cruz Ave 
Santa Clara, CA 95050 
(408) 980-1124 

Circle No 681 


Faraday Electronics Inc 


749 N Mary St 


Sunnyvale, CA 94086 
(408) 749-1900 
Circle No 682 


Gespac Inc 

Suite 1] 

100 W Hoover Ave 
Mesa, AZ 85202 
(602) 962-5559 
Circle No 683 


I-Bus Systems 


9235 Chesapeake Dr 
San Diego, CA 92123 
(619) 569-0646 
Circle No 684 


Intel OEM Microcomputer Systems Operation 
5200 N E Elam Young Parkway 

Hillsboro, OR 97124 

(503) 640-7238 

Circle No 685 


Intercontinental Microsystems Corp 
4015 Leaverton Ct 

Anaheim, CA 

(714) 630-3714 

Circle No 686 


e following manufacturers and organizations directly. Keepin 
dustrial-bus products than we ean listinasingle article. 


Matrix Corp Schroff Corp 
1203 New Hope Rd 170 Commerce Dr 
Raleigh, NC 27610 Warwick, RI 02886 
(919) 833-2000 (401) 732-3770 

Circle No 687 Circle No 695 


*Microcomputer Interface Group : 


Box 1030 
Barrington, IL 60010 


*VME Bus Industry Trade Association (VITA) 


10229 N Scottsdale _ 
Scottsdale, AZ 85253 


(800) 992-4447 (602) 951-8866 ts 

Circle No 688 CireleNo696 
Micro/Sys “VME Bus Industry Trade Association (VITA) 
1011 Grand Central Ave Box is2 i=  . 
Glendale, CA 91201 5300 AD Zaltbommel, The Netherlands 

(818) 244-4600 S141 466) sir 

Circle No 689 Circle No 697 

Mizar Inc *VMEbus Systems 

20 Yorkton Ct 25875 Jefferson 

St Paul, MN 55117 St Clair Shores, MI 48081 

(612) 224-8941 (317) 774-8180 

Circle No 690 


Moterola Inc 
Microcomputer Div 


Circle No 698 


*Zebu Research Corp © 
663 S Bernardo, Suite 222 


Box 20912 Sunnyvale, CA 94087 
Phoenix, AZ 85036 (408) 274-6090 
(602) 488-3576 Circle No 699 
Circle No 691 
Ziatech Corp 
*Multibus Manufacturers’ Group 3433 Roberto Ct 
Box 6208 | San Luis Obispo, CA 93401 
Aloha, OR 97007 (805) 541-0488 
(503) 642-3366 Circle No 700 
Circle No 692 


*MultiDynamics Inc 

17100 Norwalk Blvd, Suite 116 
Cerritos, CA 90701 
(213) 402-1610 

Circle No 693 


Pro-Log Corp 

2560 Garden Rd 
Monterey, CA 93940 
(408) 372-4593 _ 
Circle No 694 
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NEW STD BUS 


single board computer 


not limited to the five or eight expansion connectors 
available in an active-motherboard-type computer. 
Placing the functions on the individual plug-in boards 
lets you mix and match the exact computational, memo- 
ry, and I/O functions you need. 

John Choisser, general manager of I-Bus Systems, 
claims that his organization originated the industrial 
PC and PC/AT bus concept. According to Choisser, 
most people using the PC bus in industrial environ- 
ments haven’t used a bus-type computer before. He 
believes that such users feel comfortable with the PC 
and are used to adding boards to their own computers. 


* 1 printer port 

* 2 timers 

* battery-backed 
clock calendar 

* opt. SBX connector 


* 24k EPROM 
* 40k battery-back 
° 2 RS-232/422 seria 


The CPU-9-BASIC is t 
perfect stand-alone solution 


‘Freedom from disks, but 
room to grow. 


for factory floor or field Your program on the CPU-9- Therefore, he says, a person is less likely to be intimi- 
applications. It combines a 9- BASIC is easily transportable , : ; : 
function STD BUS single board _to a disk based system if more dated by using his PC with the PC bus than by using a 


computer with a ee process memory is needed. 
control-oriented BASIC compiler. The CPU-9-BASIC is available 
The CPU-9-BASIC’s compiler from $345 in OEM quantities. 
puts you in real time control. See us at Southcon. 

It is high speed, interactive, 


and multi-tasking. And it supports @ Computer 
Z80 mode 2 interrupts. DYN A MICS 


COMPUTER DYNAMICS SALES 
107 S. Main St., Greer, SC 29651 803-877-8700 


VME Bus computer for the first time. 

Although it’s easy even for beginners to use, the PC 
bus isn’t limited to operating in clean, benign environ- 
ments. For example, Jim Newman of the Woods Hole 
Oceanographic Institution (Woods Hole, MA) designed 
a PC-based computer system to control the submersible 
vehicle that explored the wreck of the Titanic. The 
computer had to be simple, dependable, and easy to 
implement, and it had to be able to operate inside a 
submarine. Because he had experience with the IBM 
PC/AT computer, Newman thought the PC/AT would 
be a good choice. His application didn’t cause a severe 
speed bottleneck on the PC/AT bus, and he could 
choose from many add-on cards. Even though the PC 
would have to operate in a hostile environment, the 
choice of a connector type wasn’t a major decision. 
Newman was a little superstitious about the reliability 
of card-edge connectors, but the system had no prob- 
lems. 

You can find PCs on the ocean’s surface, too. Several 
ships now rely on a PC-based computer that monitors 
their discharge of oil into the sea. If the oil concentra- 
tion goes over a preset limit, the computer shuts a valve 


5 and stops the discharge. Mel Bembenek, president of 
makes d 64K bip olar PROM Alpha Systems Inc (Broken Arrow, OK), used an indus- 


that, at 35 NSec, 1S 30% trial version of a PC/XT computer to perform the 
monitoring and control operations. He recommends 

faster than any other On designing with available boards and adding as little of 
the market? your own circuitry as possible. His only contributions to 
the computer’s hardware were signal-conditioning cir- 
cuits. Says Bembenek, “You really don’t know about 
the project until you’re in the middle of it. There are 
(See page 182) lots of hidden things that aren’t obvious at the start, 
even if you do your research.” EDN 
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Article Interest Quotient (Circle One) 
High 470 Medium 471 Low 472 
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GESPAC Gives You _—C 
More Power Per Square Inch. 


Actual Size 


Here is the size, performance, and © 
cost breakthrough you have been _ 
waiting for: The 68020 based - 
GESMPU-20 from GESPAC. 


You can now unleash an | 
unprecedented amount of power 
into your applications. On just 25 
square inches, we have squeezed 
Seals ee =6CCcCUL # a 12.5 MHz (16 MHz optional) — 
eesey ee ee ee te §=—68020 32-bit microprocessor, a : 
- 3 E og Sess §=6—6888) floating point coprocessor, 4 — 
sockets for up to 512 Kilobytes of _ 
EPROM, and up to 512 Kilobytes of | 
zero-wait-states CMOS RAM. 

This board is totally expandable | 
through its G-64 bus interface. And 
GESPAC has the largest variety of 
inexpensive memory, interfaces, — 
‘controllers, and transducer cards — 
anywhere. Plus real-time disk 
operating systems, high level 
languages, and other software | 
tools. GESPAC has the total solution — 
to your system integration needs. 
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Best of all, because our boards. 
are small, they cost less. The new 
GESMPU-20 is priced below $1000 in ~ 
one hundred piece quantity orders. 

So why wait? Contact us today ~ 
for information on the GESMPU-20 | 

Say ss INR SS: BC \//MSB EQ VRS A) or any of the 150 G-64 bus system — 
mete RARER Ha aia ag ‘components from GESPAC—the leader _ 
: in single Eurocard microcomputer 

products worldwide. 


Call (602) 962-5559. 
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IN USA - CANADA INTERNATIONAL | 
50A West Hoover Ave. - 3, chemin des Aulx 
Mesa, Arizona 85202 _ CH-1228 Geneva _ 
Tel. (602) 962-5559 Tel. (022) 713400 
Telex 386575 _-felex-429989..--.- 
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UK Water Lane, Towcester, Northants NN12 7JN (0327) 50312 
USA One Blue Hill Plaza, Pearl River, New York 10965 (914) 735-4661 
France 7-9 rue Denis Papin, 78190 Trappes (1) 30. 51.49.52 

Germany Bahnhofstrape 38, 6090 Risselsheim (0 61 42) 680 04 
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COME SEE GTE’S 


CONNECTOR 


TECHNOLOGY 


Z\|IF Connector 


SEE US AT NEPCON BOOTH #2748 


GTE’s family of press fit contacts will be one of two new products introduced 
at NEPCON West. The Conformer™ series affords maximum hole contact and ease of 
insertion while allowing for increased hole tolerances. It is compatible with a wide 
variety of press-fit connectors. 


GTE’s new Zero Insertion Force connector represents another patented GTE design. 
Its unique operating mechanism lessens material fatigue and eliminates damage to 
contact points while creating a ‘gas tight’ connection. 


For more information on either of these fine products, see us at the show or 
call 1-800-462-1075. 


In New York call 1-800-462-1075. 


GTE Electronic Components 
& Materials 
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PROORLERE 
Se 


New input pattern ac 
mate & lock connectors, sp. 
terminals or threaded stud: 


4 


Schottky diodes added to 
¢ on-board terminations. 


_ Re-routed BBSY * line 
¢ forless noise. 


7 REASONS 


BICCVERO MAKES THE BEST VME BACKPLANES 


Call us or your BICC-VERO Distributor 
for complete information. 


ERO 


ELECTRONICS 


J New multilayer terminator 
| boards take up less space. 


Sa 


You've already invested quality time and 
budget in building the very best VME 
computer system for your application. 


Now, interconnect your components with 
the very best backplane. Select from the 
full range of sizes and configurations 
offered by BICC-VERO. 


ul 


BICC-VERO supports their VME Back- 
planes with a full line of card frames, 
enclosures, and connectors. Ask for the 
details. 


BICC-VERO ELECTRONICS, INC. 
1000 Sherman Avenue 


Hamden, CT 06514 
(203) 288-8001 TWX: 510-227-8890 
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board (TMS32010) 
@ Four analog inputs with simultaneous 


sampling 
© Optical isolation between 


® Combination analog input/DSP 


MPV960 


Fully Integrated DSP 
Hardware/Software 


SPV100 


put and 


In 


@ TMS32010-based DSP board 


VACREL lets you design more electrical 


Tighter designs, better use of real estate. 

Tighter designs are possible due to accurate 
image registration and reproduction with masks of 
VACREL, even on large panels having two or more 


The performance of VACREL gives you the added 
design freedom you need when using surface-mount 
technology (SMT), the state of the art in printed wiring 
board and printed wiring assembly design. 


Du Pont VACREL photopolymer film solder 
masks totally encapsulate fine-line circuits with a 
tough, uniform, high-resolution photopolymer film 
that provides excellent dielectric, mechanical, and 
electrical protection. 

Because VACREL is uniformly thick, it consis- 
tently covers without skips, pinholes, or voids in a 
single pass—unlike screened or photoimageable 
liquid systems. 


VACREL photopolymer film solder mask (left). Total encapsulation means less 
damage in assembly, greater reliability in use, and reduced potential for field failures, 


Screen-printed solder mask (right) may leave voids, pinholes, and incomplete 
encapsulation. 


circuit lines between pads and as little as 0.13-mm 
(5-mil) spacing between conductors. VACREL helps 
lower per-function cost by allowing more functions 
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Photograph is 13.47 times original size. 


functions into less real estate at less cost. 


per board, with high first-pass assembly yields, less 
solder bridging, fewer retests and rejects, and less 
potential for field failures. Lower incoming inspection 
costs are possible, thanks to the accuracy of VACREL. 


Accurate component location aids SMT design. 

For surface mounting, VACREL goes beyond 
tighter designs and maximized real-estate utilization. It 
tents via holes to prevent solder wicking, bridging, 
and shorting. Components may be placed directly 
over tented via holes, with virtually no chance of 
contamination from the other side. 

Because VACREL is photoimaged, a precisely 
shaped “well” for solder paste can be created, even 
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with closely spaced pads, to ensure proper placement 
and alignment of components. VACREL is compati- 
ble with wave, vapor-phase, and infrared soldering 
systems. 


Send for VACREL design and productivity package. 

Send today for more information on designing 
printed wiring boards with VACREL. Write to Du Pont 
Company, Room G51085, Wilmington, DE 19801. 
Or call 800-527-2601, Extension 311 


VACREL photopolymer film solder 
mask is made only by Du Pont. 
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THE SINGLE BOARD 


COMPUTER THAT 
DOESN'T LO 


Introducing the AT&T 


WE*321SB VMEbus 
Single Board Computer 


and AT&T UNIX® 
System V/VME. 


For the first time, an open archi- 
tecture single board computer that 
allows you to mix and match periph- 
eral and memory boards from differ- 
ent suppliers to rapidly configure 
high-performance, demand-paged 
UNIX computer systems. With the 
AT&T WE821SB Single Board 
Computer, you’re not locked in—you 
can tailor-make a computer solution 
that’s exactly right for your needs. 

The WE321SB Sihele Board 
Computer features AT&T’s full 
32-bit UNIX Microsystem and incor- 
porates the Microsystem’s micro- 
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processor, memory management 
unit, and math acceleration unit. 
We also offer the ingredients 
you need to get you going—includ- 
ing UNIX System V/VME;; soft- 
ware device drivers for hard and 
floppy disk drives and serial I/O; 
software generation programs, 
including an optimized AT&T C 
language compiler; and an out- 
standing documentation package. 
And once up and running, your 
system is both object file compatible 


Wi 


( 


and floppy disk format compatible 
with the AT&T 3B family of com- 
puters. This gives you off-the-shelf 
access to over a thousand applica- 
tions and language packages avail- 
able for 3B computers, something 
no other VMEbus system can offer. 
To find out about the single board 
computer that gives you the free- 
dom of choice, call 1 800 372-2447, 
or write to: AT&T, Dept. KB, 
909 Union Blvd., Allentown, 
PA 18103. © Copyright 1986 AT&T 


Alsi 


The right choice. 
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You need microprocessor control for your | Read all about it eas 


new product. You want to beat the competi- 
tion to market. But microprocessor designs CuBIT has a full line of STD Bus 


take time. | boards. Fill out the order below or call 
us at CuBlT, and we'll send you our 
Cubit’s STD Bus board level computers | new STD Bus Catalog. | 
get the job done fast. You save hardware | 
design time, prototyping time and debug- 
ging time. And we include software tools to | Name 
get the job done fast. | | 
Company 
STD Bus is simple, compact and inexpen- | | 
sive. It is also rugged and rich in industrial om 
I/O functions that other busses neglect. | Se ee ee | 
DIVISION | Fai ic | 
PROTEUS | Ph | 
INDUSTRIES ie Beier 90? 
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190 S. Whisman Rd., Mountain View, CA 94041-1577 « (415) 962-8237 * Telex 797377 PROTEUS USA 
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Give your indush 

° a lift with tr b, 
high-performance 2%, 
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y seem When you put industry-proven D/A converters) 
e Harris linear and data acquisi- _fiers, and analog I. 
eae * tion ICs into your control Our Dielectric Iso 
designs, you always come out ahead — in _no latch-up, plus Me 
design time, cost, and product performance. mance characteristic: 


Just specify the functions you need. If it’s in- 


dustrial, we're in control. With a complete line Get Harris into your 


of op amps — high-speed, low-power, precision Contact: Harris/ MHS 

or general purpose. Comparators. And analog Ltd., Eskdale Road, Wiriners.,, 

switches. Berks, RG11 5TR, Englund. 
For data acquisition, choose our A/D and We'll help handle yeur load. 


“What makes 


FOR YOUR INFORMATION, [gga 
OUR NAME IS | ew 


HARRIS Ba 


Harris Semiconductor: Analog - CMOS Digital 
Gallium Arsenide - Semicustom - Custom . 
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Thermal-tracking IC 
converts rms to dc 


An easy-to-use IC allows you to configure 
circuits that accurately convert the rms 
value of a waveform to a dc voltage. Oper- 
ating on thermal principles, the device pro- 
vides much greater speed than you can ob- 
tain by using logarithmic computing 
techniques. Further, the IC 1s relatively in- 
sensitive to a waveform’s crest factor. 


Jim Williams, Linear Technology Corp 


To effect accurate rms/de conversion for high-band- 
width and large-crest-factor waveforms, thermal con- 
version is the method of choice. Thermal conversion 
provides substantially improved bandwidth (100 MHz 
vs 250 kHz) and crest-factor (50:1 vs 10:1) capability, as 
compared with circuits (for example, some monolithic 
ICs) that use logarithmic computations. Instead of 
using large and expensive discrete-component thermal 
converters, you can now bring the advantages of ther- 
mal conversion to your system by using an IC, Model 
LT1088, that comes in a 14-pin DIP. 

A waveform’s rms power is defined as its heating 
power in a load. Many specialized instruments use 
thermally based assemblies that compute the rms value 
of their inputs. In fact, such applications as wideband 
rms voltmeters, RF-leveling loops, wideband AGC (au- 
tomatic gain control), high-crest-factor measurements, 
SCR monitoring, and noise measurements require the 
advantages of thermal conversion. Thermal rms/dc con- 
verters are direct-acting, thermoelectronic analog com- 
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puters. The thermal technique is explicit; its simple 
operating principle offers wideband performance that’s 
unattainable from implicit, indirect methods based on 
logarithmic computing. 

You can use the LT1088 in a wide variety of circuits, 
but before considering the practical applications infor- 
mation, it’s worthwhile to review thermal rms/dc con- 
version in general, and the LT1088’s conversion princi- 
ples, construction, and operating characteristics in 
particular. 

Fig la gives a conceptual diagram for a thermal 
rms/de converter. The input waveform warms the heat- 
er; the result is increased output from the temperature 
sensor. The amount of heating is a function of the rms 
value of the input waveform, and the temperature 
sensor’s de output represents the amount of heating. 
Although this method is simple, the temperature sen- 
sor cannot distinguish between temperature changes 
induced by signals and those induced by ambient temp- 
erature. 

You could address this ambiguity by summing in the 
ambient-temperature information, but a more signifi- 
cant problem remains. Even if the electrical portions of 
the design are perfectly linear, the overall response is 
not. The power the heater produces is nonlinearly 
related to the input voltage according to P=V*/R, so the 
temperature rise is also nonlinearly proportioned. You 
need additional nonlinear signal conditioning to obtain 
an output that corresponds linearly to the input 
voltage. 

Fig 1b shows a classic scheme that corrects both the 
deficiencies of the configuration in Fig la. Here, the de 
amplifier forces a second, identical heater-sensor pair to 
assume the same thermal conditions that exist in the 
input-driven pair. This differential-sensing, feedback- 
enforced loop makes any ambient-temperature shift a 
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Thermal conversion beats out logarithmic- 
computation methods for the rms/dc con- 
version of high-bandwidth and large-crest- 
factor waveforms. 


common-mode term and eliminates the effect of the 
shift. Also, although the voltage-thermal relationship is 
nonlinear, the input/output voltage relationship is lin- 
ear and the gain is unity. 

The ability of Fig 1b’s circuit to reject ambient- 
temperature shifts depends on the heater-sensor pairs’ 
being isothermal (at equal temperature), yet thermally 
isolated from each other at the same time. You can 
achieve this thermal isolation by thermally insulating 
the pairs with a technique that yields a thermal time 
constant well below that of the ambient shifts. If the 
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Fig I—An rms/dc converter is simple in concept, as these block diagrams illustrate. The simplest (a) suffers from nonlinearity of the 
input/output transfer function. The circuit in b corrects this nonlinearity. The configuration in c is a monolithic implementation of b’s circuit; 


it uses resistors as heaters and diodes as sensing elements. 
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thermal time constants to the heater-sensor pairs are 
matched, ambient-temperature terms will affect the 
pairs equally in phase and amplitude. 

The de amplifier in Fig 1b rejects the common-mode 
signal caused by the ambient shift. Note again that, 
although the pairs are isothermal, they are thermally 
insulated from each other. Any thermal interaction 
between the pairs would reduce the system’s thermally 
based gain terms. This reduction would cause unfavor- 
able signal-to-noise performance and thus limit dynam- 
ic operating range. 

In Fig 1b’s circuit, the output is linear because the 
matched thermal pairs’ nonlinear voltage-temperature 
relationships cancel each other. The advantages of the 
described approach make its use popular in thermally 
based rms/de measurements. However, the assembly 
typically comprises matched heater resistors, sensors, 
and thermal insulation. These assemblies are relatively 
large and expensive to produce. In theory, you could 
use monolithic-IC techniques to replace such assem- 
blies, but—as you'll see later—the thermal-insulation 
requirements present problems. 

A simplified monolithic-IC-based circuit that accom- 
plishes the described conversion function appears in 

ig 1c. The operating principle of this circuit is quite 
similar to the generalized approach of Fig 1b’s circuit. 
Here, the input drives Ri, producing heating that 
lowers the value of D,’s forward voltage. IC; responds 
by driving R2 to heat D2, thereby closing a loop around 
the amplifier. Because the diodes and resistors are 
matched, IC;’s de output equals the rms value of the 


Fig 2—This circuit, an electrical analog of the thermal terms in the 
LT1088 rms/de converter, shows the various thermal-resistance val- 
wes in the IC. Die-to-die thermal-resistance and thermal-time-con- 
stant matching is important, as is a high value for the die-attach 


thermal resistance. 
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input waveform, regardless of the input’s frequency or 
wave shape. 

The thermal terms described earlier limit the cir- 
cuit’s practical performance capabilities. In particular, 
thermal cross coupling between the R,-D,; and R;-D: 
pairs degenerates the gain and thus degrades the 
available signal. Also, differences in the dissipation 
constants and thermal capacities of the R-D pairs result 
in overall gain errors. In addition, the thermal resis- 
tance to the ambient temperature must be high to 
maximize the diodes’ signal output for reasonable in- 
put-drive levels. Finally, the thermal path within the 
mated resistor-diode pairs must provide efficient, low- 
loss heat transfer. 

Although the circuit in Fig 1c is a straightforward | 
extension of the configuration in Fig 1b, it’s important 
to address the electrothermal design carefully in order 
to produce a practical monolithic circuit. These thermal 
considerations dominate the design and form of the 
circuit. Fig 2 shows a simple electrical analog of the 
lumped thermal terms in the monolithic converter. The 
overall matching of these terms heavily influences the 
achievable performance. In particular, the die-attach 
thermal resistance dominates the thermal-impedance 
path. If this resistance is very high, the effects of 
mismatch in the other terms is minimal. 


A practical electrothermal design 


The use of separate, identical dies for the heater- 
diode pairs almost entirely eliminates thermal cross- 
coupling. This 2-die design eliminates cross-heating 
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The design of a monolithic rms/dc convert- 
er requires careful consideration of the elec- 
trothermal characteristics of the various el- 
ements in the ICs package. 


Fig 3—Bubbles are the secret ingredient in the die bonding for the 
chips in an LT1088 rms/dc converter. An air-impregnated polymer 
provides the high die-to-ambient thermal resistance that the IC 
requires. The die’s two distinct regions (light and dark) are the result 
of the scribe-and-break operation. The polymer die-attach process 
yrelds a thermal resistance that is not quite as high as that of the 
air-suspension technique but is much easier to implement. 


more effectively than any possible single-die approach 
could. A gain error, which you can correct by introduc- 
ing a corresponding gain trim, comes from residual 
mismatches in thermal terms. The mismatches reflect 
die size, dissipation constants, and thermal-capacity 
differences. The most significant thermal-term mis- 
match arises from differing amounts and distribution of 
the die-attach material. The gain-correction trim in- 
volves altering the gain of the output stage in Fig 1e. 

Because the die-attach resistance is so important (see 
box, “Construct your own thermal-resistance tester”), 
it demands careful consideration. Table 1 gives the 
results for various die-attach methods. As you might 
suspect, suspending dies in free air offers the highest 
thermal resistance (although the approach is impracti- 
cal). At the other extreme, standard eutectic bonding 
gives low thermal resistance but is easy to implement. 

Another die-attach method, the use of an alr-impreg- 
nated polymer, is nearly as good as air suspension and 
is practical to implement. The production technique 
that allows the use of air-impregnated polymer is called 
the OTT (oracular thermal transfer) process. Fig 3 is a 
side view of a die that shows the bubbly polymer 
beneath the die. Large areas beneath the die are filled 
with air, and the result is the high thermal resistance 
noted in Table 1. The use of sufficient amounts of the 
die-attach polymer ensures a reliable die bond. 

Fig 4 is a die photo of one heater-resistor/diode pair 
of the LT1088. The circular, concentric heater resistors 
promote evenly distributed, isothermal characteristics. 
The placement and aspect ratio of the heater rings are 
optimum for an even thermal flow across the die. The 
sensing diode is actually a parallel quad array located 
symmetrically about the die’s center. This quad ar- 
rangement provides improved temperature-sensing 
characteristics as compared with a single device. 
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The LT1088’s separate heater rings allow you to 
select either a 50 or a 2500 input. Note that the IC 
contains only the basic thermal components needed to 
maintain isothermal conditions. The inclusion of sup- 
port circuitry would introduce thermally based error 
terms and would therefore degrade performance. 


Putting the converter to use 


Once you’ve digested the operating theory and con- 
struction details of the LT1088, you can consider some 
practical applications of the IC. Fig 5 shows a detailed 
circuit that uses the LT1088. Table 2 gives typical 
performance specifications for the circuit. In Fig 5’s 
circuit, the power supply biases the temperature-sens- 
ing diodes. IC;, set up as a differential servoamplifier 
whose gain is 9000, extracts the diodes’ difference 
signal and biases Q;. Q; drives one of the LT1088’s 
heaters, thus completing a loop. 

The 3300-pF capacitor gives the circuit a stable 
roll-off characteristic. The 1.5-M0/0.022-~F combina- 
tion improves settling by reducing the gain during 
output slewing. Because of the square-law thermal gain 
of the LT1088, the overall loop gain is lower for small 


Fig 4—Concentric heater resistors and a quad diode array make up 
the LT1088 rms/de converter. The geometry of the heaters promotes 
even thermal flow across the die; the diode array is inside the heater 
rings, near the chip’s center. By using appropriate pin connections, 
you can choose an input impedance of either 500. or 2509. 
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Fig A—You can construct your. own thermal-resistance tester. This circuit allows you - measure an LT1088’s - die- to-ambient and 
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inputs. This nonlinear gain characteristic would nor- 
mally result in slow settling for input values below 
about 10 to 20% of full scale. The LT1004/1-k0/3-kO 
network, however, provides a simple breakpoint, there- 
by boosting gain in this low-level region to improve 
settling. 

IC2, a trimmable-gain output stage, serves to com- 
pensate for gain variations in the two sides of the 
LT1088. To trim the circuit, apply a de signal that’s 
approximately 10% of full scale to the input (for exam- 


Vin FULL SCALE= 15V 
9.5V FOR 2500 INPUT, 
4.25V FOR 500 INPUT ZERO TRIM 
(TRIM AT 10% 
500 OF FULL SCALE) 
2.7k* 2.7k* 


a1k* 


12 


LT1088 


ple, 1V for the 2500 range, 500 mV for the 500 range.) 
Adjust the zero trim so that Vour=Vin. Next, apply a 
full-scale de input and set the full-scale trim to yield 
that value at the output. 

Repeat the trims until both the zero trim and the 
full-scale trim produce outputs whose accuracy is well 
within 1% of full scale. In an alternative trim scheme, 
you can apply no input, ground Q,’s base, and set the 
zero trim until IC,’s output is active. Then apply a 
full-scale input and trim the full-scale adjustment to 


1.5M 


0.022 uF 


1k 
3300 pF 
9.09M* 


LT1004 


3k 


10k 
FULL-SCALE 
TRIM 


La a 


10k" 


“1% METAL-FILM RESISTOR 


Fig 5—Basically a servoamplifier circuit, this configuration allows you to extract a dc voltage from the LT1088; this voltage corresponds to 
the rms value of Viv. The circuit incorporates a number of tricks to improve settling and to compensate for the nonlinear, square-law thermal 
gain of the LT1088. You can trim the circuit to obtain accuracy that’s well within +1%. 
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obtain the full-scale value at the output. 

At frequencies greater than 10 MHz, input connec- 
tions to the LT1088 require care. Parasitic inductance 
builds up rapidly in wire runs, so you should connect 
the IC’s input heater lead directly to the source being 
measured. It’s also wise to shield the input line from 
the rest of the circuit. Fig 6 shows one way to imple- 
ment this shielding. A simple copper RF shield isolates 
the circuitry from the input. The LT1088’s mounting is 
such that the input pin is as close as possible to the 
input-connector pin. 

An additional precaution is to mount the 0.01-pF 


COPPER SHIELD 


LT1088 
INPUT PIN SOLDERED DIRECTLY TO CONNECTOR 


INPUT CABLE 
AND CONNECTOR 
(X-RAY VIEW) 


LT 1088 


> 


BNC CONNECTOR 
(X-RAY VIEW) 


CIRCUIT BOARD 
WITH COMPONENTS 


Fig 6—Take special care when you drive the LT1088 at high 
frequencies. First, make sure that the RF-input line to the IC’s 
heater is as short as possible. Next, try to shield the input from the 
rest of the circuit. Finally, mount the LT1088’s bypass capacitors as 
close as possible to the IC package. Be sure to keep heat-producing 
components well away from the LT1088, and never, never use a heat 
sink with the device. 


Fig 7—Output error is less than 2% at frequencies to 100 MHz for 
the LT1088 rms/dc converter. For this curve, a full-scale input drives 
the IC’s 500. input. Because the LT 1088 responds only to the heating 
value of an input voltage, it’s insensitive to either the frequency or the 
crest factor of a waveform. 
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To take full advantage of a monolithic 
rms/ac converter, you should use external 
support circuitry that compensates for the 
IC’s nonlinear thermal-gain characteristic. 


capacitors in Fig 5’s circuit directly at the LT1088’s 
package. These capacitors minimize the effects of RF 
pickup by the temperature-sensing diodes. 

Another layout concern involves thermal considera- 
tions. Because the LT1088’s operation depends on ther- 
mal symmetry, the IC is sensitive to external tempera- 
ture gradients. This sensitivity is a particularly 
important factor in the case of small inputs, which force 
the device to operate at temperatures close to the 
ambient temperature. You should, therefore, mount the 
LT1088 in an area that’s isothermal and free of drafts. 
Keep power-generating components away from the IC, 
and exercise particular caution in fan-cooled equipment. 
Under normal conditions, you need no thermal baffle or 
enclosure. Under no circumstances should you use a 
heat sink. 


Plot the IC’s performance 


Fig 7 shows a plot of error vs input frequency for an 
LT1088 operating under the condition of a full-scale 
input to the 500 input pin. Be advised that no band- 
width degradation occurs for lower input levels. Refer- 
ences for the measurement were Fluke Model 540B 
thermal-transfer standards used in conjunction with 
A-55 converters. The references were certified to 50 
MHz. (They also provided data for frequencies greater 
than 50 MHz, however. The accuracy of certified refer- 
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Fig 8—Usable at frequencies well above 100 MHz, the LT1088 
exhibits some peaking in its roll-off characteristic. This curve reflects 
the application of an RF input to the 50Q. heater; if you use the 2500 
heater, the response rolls off at approximately 20 MHz. Bond-wire 
inductance and heater-diode capacitance are the causes of the high- 


frequency roll-off. 
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ences of this type is usually well within the listed 
tolerances, so, in all probability, the data is valid even 
at the higher frequencies. ) 

Fig 8 shows a similar plot that extends to a higher 
frequency range. Unfortunately, equipment and test- 
setup limitations introduce uncertainties at the highest 
frequencies, but the data most probably approximates 


VERTICAL 


the actual performance of the LT1088. The peaking 
followed by the steep roll-off most likely comes from the 
LT1088’s high-frequency limitations. In particular, 
bond-wire inductance becomes increasingly significant 
as frequency increases. 

Also, capacitance between the heater and the sensing 
diode permits RF pumping in the diode, which almost 


(b) 


HORIZONTAL 


2V/DIV 


VERTICAL 
2V/DIV 


50 mSEC/DIV 


(d) 


HORIZONTAL 


1 SEC/DIV 


Fig 9—The step response of the rms/dc converter depends on the servoamplifier’s roll-off. The trace in a reflects a full-scale, positive-going 


input step to the 250M. heater; b shows the negative-going response. The trace in c is an expanded version of the one in b; the anoma 
occurs after five seconds is the result of saturation in the servocircuit. The trace in d is th 


specified operating range. 


ly that 
e result of keeping the LT1088’s input within the 
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certainly causes deleterious results. The 2500 range 
lowers the 1%-error frequency. The described parasit- 
ics combine with the higher input-voltage swing for this 
range to limit the 1%-error bandwidth to about 20 
MHz. 

Loop time constants limit the low end of the LT1088’s 
useful frequency spectrum. For the values given in Fig 
5, the circuit begins to follow the input at frequencies 
lower than about 50 Hz. Lower-frequency operation 
requires that the loop have longer time constants (for 
example, by increasing the value of the 3300-pF capaci- 
tor), but the circuit’s settling time then increases. 

The circuit’s crest-factor performance depends on the 
IC’s breakdown limits and the usable low-input-power 


ZERO TRIM 
(TRIM AT 10% 
OF FULL SCALE) 


In using an rms/dc converter to convert 
high-frequency signals, you must keep the 
input line short, and you should provide 
shielding for the imput line. 


range. Breakdown limits are a function of IC pro- 
cessing. The usable low-input-power range reflects a 
basic signal-to-noise conflict. Low input power produces 
small amounts of signal. These low levels make it 
difficult for the circuit to discriminate accurately be- 
tween desired inputs and ambient thermal phenomena. 


Response to a step 


The circuit’s step response is a function of the servo- 
electronics’ roll-off. Fig 9a shows the response for a 
full-scale input step to the 2500 heater. You can see 
that the loop response is nicely damped. The small 
glitching at the beginning of the step comes from the 
gain breakpoint in IC;’s feedback loop. Fig 9b shows the 


0.022 uF 


3300 pF 


LT1004 
1.2V 


10k 
FULL- SCALE 
TRIM 


= 1% METAL-FILM RESISTOR 


Fig 10—You can improve the settling time of an rms/de converter by using this circuit. This setup speeds settling by applying an open-loop 
heating correction whenever a thermal imbalance occurs. Diode steering at the buffer’s output sinks current from the 2500, input heater and 
thus improves settling time by compensating for the thermal imbalance. 
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VERTICAL | HORIZONTAL 


5V/DIV 20 mSEC/DIV 
10V/DIV 20 mSEC/DIV 
20V/DIV 20 mSEC/DIV 
SV/DIV 20 mSEC/DIV 


Fig 11—These traces, the result of using Fig 10’s settling-accelera- 
tion circuit, show that the rms/dc converter can settle quickly. The 
negative-going input (trace A) causes a servoamplifier to slew (trace 
B). A buffer amplifier sinks current (trace C) from the LT1088’s 
heater. Trace D shows the converter’s settling characteristic. 


TO RMS-CIRCUIT OUTPUT 


SET AT 10% 

ABOVE MAXIMUM 
EXPECTED LT1088 
CIRCUIT OUTPUT 


TO INPUT DIODE 
OF LT1088 


LT1004 
tev 


Fig 12—Take care not to overdrive the LT1088’s heaters. These 
curves give the safe operating limits for the IC. The curves define the 
maximum safe rms input voltage as a function of the waveform’s 
duty cycle. You must keep the device’s input power to 375 mW maz; 
otherwise, damage to the heaters could result. 


TO RMS INPUT 


TO HEATER 
O——_—_————__» 


NOTE: RELAY IS CLARE HGWM51111P00 


TO HEATER 
CONNECTIONS 


Oo 


NOTE: RELAY IS CLARE 
HGWM51111P00 


Fig 13—Protect the LT1088’s input heaters against overloads. The circuit in a senses the output of the servoamplifier in Fig 5; when an 
overload occurs, the circuit breaks the input connection to the heater circuit. The diode-sensing circuit in b responds to overloads much more 


quickly than the one in a, but it requires a trimming step. 


a 
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negative-going step. Although the response appears to 
be clean (again, note the gain-breakpoint glitch), Fig 9c 
shows that the loop’s output comes to a new value well 
after it appears to have settled. 

Fig 9c is actually a slower version of Fig 9b. (The 
initial negative-going step is just visible at the extreme 
left in Fig 9c). Almost five seconds after settling 
apparently occurs, the loop’s output abruptly assumes a 
new value—the loop had been in saturation during the 
first five seconds. Exceeding the allowable low-range 
operating area (defined by the dynamic-range spec) 
forces the servo into saturation. The saturation causes 
thermal imbalances in the LT1088, which in turn cause 
the 5-sec delay before the loop becomes active again. 

As stated, some applications can drive the LT1088 
outside its operating range and thus force thermal 
imbalances. If you require fast settling, you'll find Fig 
10’s circuit useful. This configuration speeds settling by 
applying an open-loop heating correction when thermal 
imbalance occurs. When the input (Fig 11, trace A) is a 
negative-going step, IC;’s output (trace B) slews. 

Loop delays cause IC; to overshoot, turning off the 
heater drive and thermally imbalancing the LT1088. 
Diode steering at the output of the LT1010 buffer sinks 
current from the 2500 input heater (trace C). This 
current produces heating and tends to compensate for 
the thermal imbalance, thus reducing settling time. 


HORIZONTAL 


5 mSEC/DIV 
5 mSEC/DIV 
5 mSEC/DIV 


VERTICAL 


10V/DIV 
2V/DIV 
10V/DIV 


Fig 14—These waveforms result from using the heater-protection 
circuit in Fig 13b. Excessive drive (trace A) to the heater forces the 
servoamplifier to slew (trace B). A relay switches (trace C) and 
removes heater drive in about 15 msec. 
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The low input impedance of the monolithic 
rms/dc converter sometimes requires you to 
provide a buffer amplifier to drive the IC’s 
input heater. 


Fig 15—If you need a buffer for the LT1088’s low-impedance input, 
use this unity-gain circuit; it provides a high input impedance and a 
bandwidth of about 25 MHz. The buffer’s slewing and bandwidth 
characteristics appear in Table 3. 


IC.’s output (trace D) settles fairly quickly after it 
recovers from the open-loop correction. 

The scope photo in Fig 9d shows the circuit’s re- 
sponse when the input stays within the specified oper- 
ating range. Settling on both edges is clean, and the 
loop’s output quickly assumes and maintains its final 
value. In any study of the LT1088’s dynamics, you must 
consider that, although the output voltage has settled, 
the IC’s internal die temperature may still be moving 
toward its final value. When you observe the LT1088’s 
operation, it’s important to distinguish between voltage 
dynamics and thermal dynamics. eh 

Excessive heater drive is the principal cause of 
LT1088 failures. The IC’s input power at 25°C is speci- 
fied at a continuous 375 mW; it also permits 30-sec 
excursions to 435 mW. At temperatures above 25°C, 
you must derate these figures by 3 mW/°C. Fig 12 plots 
safe operating limits for input duty cycle vs input 
voltage. Accidental heater overdrive can damage or 
destroy the LT1088. In situations in which overdrive 
might occur, you should employ some form of heater 
protection. 
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Be careful not to overdrive the converter’s 
input heater; in cases in which an overvolt- 
age condition could occur, it’s best to con- 
nect an overload-protection circuit. 


Fig 13a shows a heater-protection circuit that re- 
sponds quickly enough to prevent damage from most 
overloads. IC,’s input connects to the output of the 
LT1088 servocircuit shown in Fig 5. If the servocircuit’s 
output exceeds the threshold at IC,’s other input, IC, 
trips and discharges the 0.2-uF capacitor. The result- 
ing drop in voltage causes IC,’s output to switch low, 
energizing the relay and breaking the heater circuit. 

The 560-kQ resistor provides a long recharging peri- 


15V 


33 


1N4148 


INPUT 


od for the capacitor, thus preventing chattering. The 
circuit’s response is limited by the rms circuit’s slew 
rate, which is about 0.2V/msec. For reasonable over- 
loads, the LT1088’s temperature increases at the rate of 
approximately 1°C/msec. A 10V step at the LT1088 
takes about 50 msec to slew; the result is a temperature 
rise of about 50°C. 

Severe overloads cause faster heating, however, and 
in such a case, Fig 13a’s circuit might not act quickly 


OUTPUT 


9k 


Fig 16—Providing high accuracy and a gain of 10, this buffer circuit is suitable for driving the LT 1088 rms/de converter. The circuit’s not a 
speed demon; as you can see in Table 3, it slews at 1 00V/psec and has a 2-MHz bandwidth. 
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Vos 


CONTROL 330 pF 
0.1 uF 
LN 
SN 
1M 
INPUT 
OUTPUT 
9k 
1k 
lq ADJUST 
SET AT 80 mA 
—15V 
NOTES: 


PNP TRANSISTORS ARE 2N3906. 
NPN TRANSISTORS ARE 2N3904. 


lg CONTROL 
C; IS A10-pF TRIMMER. DIODES ARE 1N4148. 


1.2k 


Fig 17—If you need both high speed and a gain of 10, use this buffer circuit; although it’s complex, it’s equal to the task. As you can see from 
Table 3, the circuit slews at 3000V/ysec and has a 32-MHz bandwidth. The buffer easily drives an LT 1088's 50Q, input. 
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RF AMPLIFIER 15V 


MULTIPLIER 


470 10 pF 


Q3 
2N3906 


LEVELED 
OUTPUT 
3 1V RMS 
RF INPUT 
10 MHz 


0.6 TO 1.3V RMS 


10k 


200 


10M 


0.1 pF 


0.1 pF 


SERVOAMPLIFIER 
0.33 uF 


1 ey RMS-TO-DC CONVERTER 


100k 


RF-LEVELING LOOP 


1k 


1.2V 
LT1004 


AMPLITUDE 
ADJUST 


Fig 18—This configuration, an effective automatic-gain-control circuit, is an RF leveler. The circuit holds the RF output constant at 1V 


rms, regardless of changes in load, input voltage, power-supply voltages, and other variables. The heart of the circuit is the LT1088 rms/dc 
converter. 
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HORIZONTAL 


500 mSEC/DIV 
500 mSEC/DIV 


VERTICAL 


0.5V/DIV 
1V/DIV 


Fig 19—The response characteristic of Fig 18’s circuit is clean and 
fast. A step-function voltage (trace A) applied to the servoamplifier’s 
RF-setting input produces the RF-level response in trace B. The RF 
assumes its new level in about a second. 


enough to prevent damage. The circuit in Fig 13b is 
faster, but it requires a trim. It works by directly 
sensing the temperature of the LT1088, instead of using 
the servoamplifier’s output. The action of Fig 13b’s 
circuit is similar to that of Fig 13a’s circuit, except that 
the input comes from the LT1088’s input temperature- 
sensing diode. Fig 14 shows waveforms for the circuit in 
Fig 13b. 

Excessive drive (trace A) to the LT1088 forces the 
servoamplifier (trace B) to slew. The sensing diode, 
responding more quickly than the servo, causes the 
circuit to switch the relay (trace C), removing the 
heater drive in 15 msec. Because the loop responds 
after the temperature change, the servoamplifier’s out- 
put peaks at only 6V, about one-third of the input step. 
Because of initial diode tolerances, this circuit has the 
disadvantage of requiring a trim. To effect the trim, 
measure the diode’s output at 25°C and set IC;’s nega- 
tive input to the desired temperature-cutoff point. 
Assume that the diode temperature coefficient is —1.8 
mV/°C. 

Some applications might require a buffer to drive the 
LT1088’s relatively low input impedance. It’s not easy 
to provide such a buffer if you want to preserve the 
converter’s large bandwidth and high accuracy. Howey- 
er, by using an LT1010 buffer, you can achieve band- 
widths in the low megahertz region. The circuit in Fig 
15, using a FET input and a complementary emitter- 
follower design, extends the bandwidth to 25 MHz. 

If you need a buffer that has gain, use the circuit in 
Fig 16, which provides low-megahertz performance at a 
gain of 10. Although it’s complex, the design in Fig 17 
has a 32-MHz bandwidth at a gain of 10. For detailed 
discussions of these three buffers, see Ref 1. Table 3 
summarizes the buffers’ performance. 

One application that exploits rms/de conversion is an 
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RF-leveling loop. Fig 18 shows a loop that operates at 
10 MHz. The RF input connects to the AD539 wide- 
band multiplier. The multiplier’s output drives an RF 
amplifier. The discrete transistors provide gain, and 
the LT1010 serves as an output buffer. The LT1012 
provides dec stabilization for the stage (for operating 
details of this stage, see Ref 2). The LT1088-based 
rms/de converter converts the RF amplifier’s output to 
a de voltage. 

A servoamplifier compares the LT1088’s output with 
a settable de reference and biases the multiplier’s 
control channel, thereby completing a loop. The 
0.33-F capacitor provides frequency compensation by 
rolling off the gain at a frequency well below the 
response of the LT1088 servo. The circuit rejects 
changes in load, input, power-supply voltages, and 
other variables. Fig 19 shows the loop response (trace 
B) to a step-function test signal (trace A) injected at the 
servoamplifier’s positive input. The response is clean; 
settling occurs in about a second. EDN 
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| With a 16-bit micro 
in low-power CMOS. 


It's a unique combination. 

A powerful 16-bit CPU, supported 
by the most frequently-used 
peripherals—all in a single, low- 
power CMOS circuit. By putting 
it all together, the V40 and V50 
save 85% of NMOS power re- 
quirements. And that's just the 
beginning. 


CMOS SYSTEMS ON A CHIP. 


With the V40 or V50, you geta 
4-channel DMA controller, DRAM 
refresh unit, serial controller 

and more. They're all on-board. 
And that means you can design 
15 to 20 external peripherals nght 
out of your system. Thereby 
making your job a lot easier. You 
also shorten design cycles, slash 
system cost, save board space 
and raise reliability. 


COMPATIBILITY. 


The V40 and V50 preserve your 
current software assets by run- 
ning a superset of 8086 object 
code. They also give you extra 
instructions for business/scien- 
tific applications and an 8080 
emulation mode. Plus higher 
processing speed and superior 


offering high integration 


system efficiency. 


BEST OF BOTH WORLDS. 


If you want high integration, don't 
settle for the heat and hassle 

of NMOS. If you want CMOS, 
don't let them sell you separate 
peripherals. Get the best of both 
worlds from the V40 and V50. 
They're the only high-integration 
16-bit CMOS micro on the market 
today. Call NEC today and find 
out how you can win the power 
struggle with the V40 and V50. 


For further information, please contact: 


BUSA NEC Electronics Inc. 
Tel:415-960-6000. TWX:910-379-6985. 


NEC Electronics (Germany) GmbH 
Tel:0211-650302. Telex:8589960 NE D. 


NEC Electronics (Benelux) 
The Netherlands 
Tel:040-445-845. Telex:51923 NEC B NL. 


@ Europe 


NEC Electronics (Scandinavia) 
Sweden 
Tel:08-732-8200. Telex:13839 NECSCAN. 


NEC Electronics (France) S.A. 
Tel:1-3946-9617. Telex:699499 NEC EF. 


NEC Electronics Italiana S.R.L. 
Tel:02-6709108. Telex:315355 NEC EIT I. 


NEC Electronics (UK) Limited 
Tel:0908-691133. Telex:826791 NEC UK G. 


@ Asia NEC Hong Kong Limited 
Tel:3-755-9008. Telex:54561 HK NEC HX. 
Taipei Branch: Tel:02-522-4192. 


Telex:22372 HK NEC TP. 


NEC Singapore Pte. Ltd. 
Tel:4819881. Telex:39726 NECSIN RS. 


@ Oceania NEC Australia Pty. Ltd. 
Tel:03-267-6355. Telex:AA38343 NEC BCD. 
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Did we say guaranteed? 

That's right. Choose 
Plessey as your ASIC vendor 
and your circuit. } 
will work in sili 
con the first 
time, or all non 
recurring engi- 
neering costs ar@6 
won't pay a penny for a design 
that doesn’t fly. 

Are we crazy to make such 
an offer? Hardly. Our first- 
time hit rate is a whopping 99%. 
When you see our approach 
to ASICs, you'll know why. 

It all starts with CLASSIC™ 
our easy-to-use software. 
From circuit compilation 
through schematic capture, 


to simulation and test, it 
keeps you in control of every 
step of the design process. 

What can you do with 
CLASSIC? Everything from 
simple gate arrays to com- 
plex Plessey MEGACELL™ 
designs on ECL and CMOS. 
MEGACELL delivers full- 
custom performance at semi- 
custom prices — and semi- 
custom turnaround times. 

Speaking of turnaround, 
our new 200,000 square- 
foot, 1.5-micron fabrication 
facility can easily handle 
your most demanding produc- 
tion needs. 

Shouldn’t you use an ASIC 
vendor that guarantees your 


ideas will get off the ground the 
first time? Call 1-800-247-4840 
or 714-472-0303. Or write Plessey 
Semiconductors, 9 Parker, 
Irvine, CA 92718. 

For free on-line informa- 
tion, dial 1-800-345-7335 with 
any 80-column ASCII ter- 
minal or PC and a 300 or 1200 
baud modem (EVEN or 
IGNORE parity, 7 data bits, 
1 stop bit). AT “Enter Response 
Code? type GR8ASICS. In 
Conn., dial 203-852-9201. 


@® PLESSEY 


ASICs from thought to finish. 


Plessey and the Plessey symbol are trademarks of the Plessey Company plc. 


CIRCLE NO 97 


Unlike other innovations, 
first-time success with Plessey ASICs 


1S guaranteed. 


Compiler allows 


Ada development 
on an IBM PC/AT 


You can now obtain an Ada compiler for 
the IBM PC/AT that provides all the fea- 
tures of the language and has been valt- 
dated by the Department of Defense. 
What’s more, the compiler doesn’t just 
meet specifications; it allows you to solve 
real programming problems. 


Avram Tetewsky, Charles Stark Draper 
Laboratory Inc 


You no longer need a mainframe or minicomputer to 
develop Ada programs. The Alsys Ada hardware/soft- 
ware package, which has been validated by the Depart- 
ment of Defense, runs on an IBM PC/AT or compatible 
equipped with an 80287 numeric coprocessor, and it 
allows you to develop real-time tasking Ada programs. 
Although you'll need the power of the PC/AT to develop 
code, you can produce executable code that will run not 
only on the PC/AT, but also on the less capable PC or 
PC/XT equipped with an 8087 numeric coprocessor. 
You can also transfer the source code you develop to any 
other system that accepts full DoD Ada and recompile 


a 


(Ed note: The opinions expressed in this article are 
those of the author and do not necessarily reflect the 
views of Draper Lab.) 
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SENSOR AND 
DISPLAY UTILITY 
PACKAGE 


OPERATOR TASK 
(DISPATCHES VALID OPERATOR 
COMMANDS TO ALL OTHER TASKS) 


SHUTDOWN, ENABLE/DISABLE, 
CLEAR, REDISPLAY, PERIOD, LOG, 
NEWLOG, NOLOG, AND OTHER 
COMMANDS TO APPROPRIATE TASKS 


INTERRUPT GENERATOR (IG) TASKS 
(PROGRAMMABLE TIMERS) 


SENSOR TASKS — 


OPERATOR__CMD 
READ__POWER 
LOG__POWER 


POWER IG PRIORITY 

INTERRUPT 

CONTROLLER 
OPERATOR__CMD 
READ__PRESS 


LOG__PRESS 


PRESSURE IG 
IG 


TEMPERATURE 


PERIODIC LOG IG 


GENERIC 
INTERRUPT 
GENERATOR 


OPERATOR__CMD 
READ__TEMP 
LOG__TEMP 


SENSOR-TASK 
TYPE 


Fig 1—The CCCP includes nine real-time tasks that test the 
adequacy of the Alsys Ada compiler as a tool for solving real 
programming problems. 


it on that machine. 

For $3000 you receive one single-slot, fully populated, 
4M-byte RAM board with parallel and serial ports, six 
1.2M-byte floppy disks containing the compiler, and 
sample Ada programs amounting to 1.2M bytes. The 
documentation consists of one installation manual; one 
1983 ANSI/MIL-STD-1815A Language Reference Man- 
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Because of the size and scope of the Ada 
language, the big question 1s, can you solve 
real programming problems with an IBM 
PC/AT-based system? 


ual; one user’s manual for compiling, linking, and 
interfacing with other languages; and a 114-page appli- 
cation developer’s guide. 

Because of the size and scope of the Ada language, 
the big question is, can you solve real programming 
problems with this system? The president of Alsys is J 
Ichbiah, the leader of the Ada language design team, so 
you can be confident that Alsys Ada obeys Ada lan- 
guage semantics. DoD validation, though necessary, is 


Glossary of Ada terms 


The following list gives brief definitions of Ada 
terms used in this article. It constitutes only a 
subset of all Ada terminology. 


@ Access type—the Ada term for pointers. 

@ Entry call—one Ada task calling another 
Ada task. 

@ Family of entries—an entry call that’s in- 
dexed by a parameter. 

-@ Generic—an Ada facility that can do macro 
preprocessor expansions of generic subpro- 
grams into specific instances of a subpro- 
gram. 

e Instantiation—the act of performing a 
macro-like expansion of a specific subpro- 
gram or package into a specific form of the 

_ subprogram or package. 

@ Package—the encapsulation of related sub- 
programs, global storage, useful types, and 
operators in one unit. Roughly equivalent to 
a well-thought-out Fortran or C subroutine 
library with optional global variables and 
internal static and dynamic variables. 

@ Pragma—a reserved word that allows com- 
piler directives to be given to the compiler. 

e@ Representation clause—high-level syntax 
that allows you to access a machine directly. 

@ Tasking—the Ada construct that allows for 
concurrent processing. 

@ Type marks—the equivalent of C type spec- 
ifiers and Fortran types. 

@ Variant structure—a more advanced form 
of the C structure with embedded C unions, 
or a mechanism that’s loosely related to For- 
tran equivalence. A parameterized record 

whose structure can be changed — 

to the value of the parameter. 
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not an adequate test for convenience, ease of use, and 
simplicity of procedure. No one validation test suite 
could cover all permutations of language features or 
memory allocation models contained in real problems. 
In addition, the DoD validation suite makes no attempt 
to measure performance or efficiency. Consequently, an 
auxiliary test suite of application programs covering 
tasking, networks, controllers, databases, and number- 
crunching will help determine how well the package 
meets your needs in developing real-time, tasking soft- 
ware for embedded controllers. 

The job of testing the Alsys system is an easy one, 
because the Alsys Ada compiler, a 300,000-line Ada 
program, can compile itself. You can therefore be 
certain that access types, discriminated records, recur- 
sion, abstract data types, packages, and most nontask- 
ing features—all of which are vital to the operation of 
the compiler—are already thoroughly tested by the 
compilation process. You’ll only need to verify the 
correct operation, in a nontrivial application program, 
of tasking, tasking with generics, TEXT_IO packages, 
and other Ada features not found in the Ada compiler 
itself. 


Real-time process control: A tough test 


To test the Alsys system adequately, then, you’ll 
want a program that closely approximates the jobs you 
expect the system to perform. The program used to 
conduct the test described in this article is an existing, 
nontrivial, tasking program that embodies many fea- 
tures you might want to verify. In particular, this 
program can verify multiple instantiations of a generic 
package with tasks (see example 14.8 in Ref 1); tasks 
with a family of entries; task types; and unconstrained 
discriminated records. The VAX, an IBM PC with an 
ANSI.SYS driver, and other ANSI terminals may 
require TEXT_IO PUT and TEXT_IO GET statements 
to string slices and overloaded PUT and GET calls that 
are part of a portable ANSI display; the test program 
verifies these features also. 

To cover process-control applications, the program 
tests interactive I/O in tasking situations; formal argu- 
ments of a discriminated record type with default input 
values; some fixed-point math problems; types and 
subtypes with range constraints; overloaded enumera- 
tion literals; a software priority task working in both 
polling and interrupt-driven mode (see Ref 1, section 
14.7); and nested exception handlers withar a block 
(these handlers allow tasks to keep running or looping 
after an exception occurs). Because the test program 
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TABLE 1—ALSYS V1.2 COMPILE AND LINK BENCHMARKS USING CCCP 


MODULE NAME/PC FILE NAME 


package GENERIC__RANDOM 
gran.ads—generic random numbers 
gran.adb—body 


package SENSOR__PACKAGE 

psen.ads—power, pressure, and temperature functions, and types kilo, 
atmospheres, degrees 

psen.adb—body; instantiates gran 3 times 


package GLOBAL__TYPES__AND__DATA 
ptad.ads—types and data; contains many discriminated records 
ptad.adb—body; does any needed data/file initializations 


package |O__FOR__CCCP__IIl 
pio.ads—instantiates TEXT__IO 9 times 
pio.adb—null body 


package DISPLAY__DISPLAY 

pdis3.ads—display driver spec; ANSI escape codes, and other 
display controls 

pdis3.adb—body 

package PACKAGE__SENSOR__TASK 

st.ads—sensor task type spec 

st.adb—body: processes read, operator command, or log interrupts; 
one display line per sensor is updated 


_ package ALL_SENSOR_TASKS 
ast.ads—creates one power, pressure, and temperature task 


ast.adb—body: initializes each sensor task object declared in ast.ads 


package PRIORITY__INTERRUPT__CONTROLLER 

ppic.ads—the priority interrupt controller: whenever simultaneous 
interrupts occur, power, then pressure, then temperature will be serviced 
in priority order 


- ppic.adb—body: can be implemented using either a polling or interrupt- 


_driven design; PPIC can also detect when the system is sampling too fast 


by keeping track of the "COUNT task que 


“package GENERIC__PACKAGE_INTERRUPT__GENERATOR 


gigt.ads—generic interrupt generator task: a programmable timer that can 


_ be replaced with a FOR ENTRY use #hex representation clause to point 
_ at hardware timer/clocks 
-gigt.adb—body 


package ALL__INTERRUPT__GENERATORS 
aigt.ads—instantiates all interrupt generators for power, pressure, 
temperature, and logging 

aigt.adb—null body 


_ package PACKAGE__OPERATOR 
_pop.ads—an interactive operator input task that parses commands and 


dispatches commands; it also provides context-sensitive help when errors 


are made 


pop.adb—body 


PACKAGE__OPERATOR.DISPCH 
dispch.adb—separate procedure: this does the dispatch of a valid 
command 


procedure CCCP __IIl 


_cccp3.adm—CCCP__Ill main program for the CCCP 


BIND CCCP__Ill 


_~SOURCE TOTALS 


LIBRARY TOTALS 


adalib (bytes) 319,488 

macperm (bytes) 636,928 

libprop (bytes) 104 

OBJ FILE (bytes) 191,024 

EXE FILE (bytes) 200,065 

TOTAL PROGRAM (MEGABYTES) 1.339316 
NOTES: 


SOURCE 
BYTES 


168 
973 


774 


aS 
Oo 
Oo 
Oo 


13,798 


881 
194 


5712 


17,920 


645 
37,504 


592 
474 


836 


11,520 


826 


6016 


1459 


131 


654 


51,428 


43,039 


38,912 


247,790 
SOURCE 
BYTES 


SOURCE 
LINES 
3 
21 
11 
67 
134 
48 


16 
3 


35 


88 


ine) 
ESS 


317 


1807 
SOURCE 
LINES 


COMP TIME LINK TIME 
SEC SEC 
15 
20 
31 
101 


543 
28 


55 


2/9 


28 
478 


41 
38 


30 


191 


21 


o 
oO 


40 


1. COMPILER USES 6M-BYTE DISK, 4M-BYTE RAM, AND NEEDS SCRATCH DISK SPACE OF 4M BYTES. ALL LISTINGS WERE TURNED OFF. 


2. EXECUTION REQUIREMENTS: 344k-BYTE PC/AT WITH 80287 (8k-BYTE RUN-TIME DEFAULTS), 200k-BYTE EXE FILE. 
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was originally developed on a VAX VMS 4.4 system 
using DEC’s Ada 1.2 or 1.3, it can also test the 
portability of tasking source code. 

This Command and Control Computer Program 
(CCCP) monitors power, pressure, and temperature 
sensors at nominal sampling periods of 3, 2, and 2 sec, 
respectively. After taking the readings, the program 
compares each reading with an upper and a lower 
threshold. If a reading is out of bounds, or if the reading 
can’t be taken (for example, because of an inactive 
sensor), the program displays and posts alarm indica- 
tions. Inverse ANSI-terminal video attributes provide 
highlighting of selected fields in the display. If multiple 
tasks simultaneously request sensor readings, the pro- 
gram services power, pressure, and temperature, in 
that order of priority. 

An interactive task allows an operator to enable and 
disable sensors, change thresholds, clear alarms, 
change sampling periods, and enable and disable log- 
ging for a specified number of hours. This operator task 
also provides context-sensitive help when commands 
are improperly entered. Nine tasks in all share the 
CPU (Fig 1). 

This 2000-line, sensor-monitoring program also al- 
lows you to take meaningful measurements of compila- 
tion time in lines per minute, tasking size and timing 
information, separate compilation features, and other 
vital statistics. Statistics can be misleading, however 
(see box, “Selecting and interpreting Ada bench- 
marks”). 


Checking compile, link, and run times 


For the test described here, the Alsys compiler 
compiled the entire CCCP without error—including 
generics, tasking, generic packages containing tasks, 
and other advanced features. The compiler/linker then 
produced executable code. Several other mainframe 
Ada compilers couldn’t compile this program at all. 

Running on a 6-MHz PC/AT with its original hard- 
disk drive, the system takes approximately one hour to 
compile the program. Once the initial compilation is 
complete, however, it’s easy to change the bodies of 
selected subsystems, because Ada allows you to store 
package interfaces and package bodies in separate files. 
Table 1 shows the exact compile- and link-time informa- 
tion, by program unit. Because the IBM PC/AT does 
not accept file names longer than eight characters, both 
the Ada unit name and the corresponding IBM PC/AT 
file name are listed in the table. Here, file type *.ads 
denotes package specifications, *.adb denotes package 
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To test the Alsys system adequately, you'll 
want a program that closely approximates 
the jobs you expect the system to perform. 


bodies, and *.adm denotes main procedures. 

Because many of the sample test’s routines used 
generics, one would expect a much higher effective 
lines-per-minute value in the compilation benchmark. 
However, the generic pio.ads instantiated TEXT_IO 
nine times and therefore had a very long compile time, 
even though it was only 16 lines long. 


You can vary the run-time options 


The next question you’ll want to ask is, will the 
executable code fit into available RAM? Alsys Ada 
offers several modes of operation; the most difficult 
mode squeezes the code sufficiently to allow it to run on 
the least capable IBM PC equipped with no more than 
640k bytes of RAM. 

To match a program to the available RAM space, 
Alsys run-time options let you vary the size of the stack 
for the main procedure (64k-byte default), for each task 
stack (8k-byte default), for the initial heap (64k-byte 
default); and for the heap increment (64k-byte default). 
It turns out that, on a PC with 512k bytes of RAM 
(457,584 bytes free if you include DOS overhead), you 
can safely run the CCCP by specifying 8k bytes for 
each stack and heap when the compiler prompts you for 
their sizes. Under these conditions, this 2000-line 
CCCP, which has no less than nine instantiations of 
TEXT_IO and four instantiations of the generic inter- 
rupt generator, needs only 344k bytes of RAM in which 
to run. 

The size of the TEXT_IO package is an important 
consideration. Although it’s commonly stated that em- 
bedded systems do their own I/O, TEXT_IO packages 
can be quite useful for formatting data into strings that 
can be sent out, one character at a time, via a low-level 
1/0 call. A simple TEXT_IO benchmark shows a 36, 118- 
byte overhead for TEXT_IO, a 608-byte additional 
overhead for INTEGER_IO, a 992-byte overhead for 
FLOAT_IO, a 1584-byte overhead for FIXED_IO, and 
a 1616-byte overhead for ENUMERATION_IO. 

Alsys provides four compile options that affect execu- 
tion performance: I_86 mode for operation on 8088/ 
8086-based PCs; I_286 mode for the PC/AT (80286) 
running in real 8088/8086 mode; protected PC/AT mode 
(code in low memory and data above 1M byte); and 
extended PC/AT mode (heap, code, and data above 1M 
byte with stacks in the lower 640k bytes). Because the 
system clock’s resolution, under PC-DOS, is no better 
than %s sec, Alsys provides a bind/link option that 
provides access to the PC/AT’s hardware timer, which 
has a resolution of “ozs sec. For systems that use 
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The compiler produces executable code that 
can switch tasks as fast as a MicroVAx. 


TABLE 2—PIWG RENDEZVOUS BENCHMARK 


OPERATING SYSTEM _ 


DOS 3.1 
DOS 3.1 


a4 77-MHz 8088 
3 oe Mz 8086 


NOTES: 


_ VENDOR, VERSION ~~ 


~ RENDEZVOUS TIME = - 
(1000x20 ITERATIONS) 


1.3 mSEC 


8.7 MSEC. 
= ea 


-ALSYS ADA 1.2 
ALSYS ADA 1.2 


ROGRAM VAX REND FROM THE VOLZ TEST SUITE, TESTED ON UNLOADED \VAXs DURING THE MORNING HOURS. — 
30TH THE DEC ADA 1.3 AND ALSYS ADA 1.2 SYSTEMS ARE INTENDED FOR DEVELOPMENT; CONSEQUENTLY, THEY MUST RUN ON TOP 


OF A NONREAL-TIME DOS. RUN-TIME PERFORMANCE CANNOT BE OPTIMIZED. ALSYS IS NOW COMMITTED TO UPGRADING ITS PC © 
_ COMPILER INTO A SYSTEM THAT CAN PRODUCE CODE THAT IS EITHER EFFICIENT FOR ave Cet PCs OR ACCOMMODATING FOR © 


_ HOST OPERATING SYSTEMS. 


SS . ALTHOUGH THE DEC 1.3 AND ALSYS ADA 1.2 SYSTEMS WERE INTENDED FOR DEVELOPMENT USE ONLY, THE RENDEZVOUS TIMES 
_ FOR THESE SYSTEMS ARE NOT UNREASONABLE. BECAUSE THE IBM PC FAMILY PROCESSORS HAVE A SIMILAR 64k-BYTE SEGMENTED © : 
ARCHITECTURE, AS DOES THE 1750A, THE ABOVE RESULTS ARE REPRESENTATIVE OF RENDEZVOUS TIMES OF CODE THAT CAN RUN — 

__ ON TOP OF NONREAL-TIME 1750A HOST OPERATING SYSTEMS RUNNING AT AN EQUIVALENT PC CLOCK-SPEED. WHEN MATH oe 
_ IBRARIES. (SINE, COSINE, ETC) BECOME AVAILABLE FOR THE ALSYS PC ADA, YOU WILL BE ABLE TO CARRY OUT NUMBER- 
_ ene BENCHMARKS SUCH AS FFT ROUTINES IN ADA, FORTRAN, AND C ON BOTH THE VAX AND PG. 


polling (that is, an endless loop that checks for some 
event every n seconds), PC-DOS imposes a minimum 
polling period of 8 sec and gives unacceptable perfor- 
mance. On the other hand, you can usually convert a 
polling routine to an interrupt-driven service routine 
that is not limited by the PC-DOS timer’s resolution. 

When you’re using the fast-timer option on the 
PC/AT, the polling version of the priority-interrupt- 
controller task works as well as the interrupt-driven 
version, and both versions keep pace with a MicroVAX. 
The interrupt-driven version works quite adequately 
on an IBM PC when yov’re using the DOS timer with 
“s8-sec resolution. 

Although the CCCP serves as an excellent test case 
for nontrivial compile, link, and execute functions, the 
sampling speeds on the VAX are limited by the time it 
takes to transfer one 80-column line of text to the 
screen over a serial link. Consequently, you should not 
use this program if you want to determine basic Ada 
run-time benchmarks, such as the rendezvous time. For 
run-time benchmarks, you should use the 1986 PIWG 
test suites (Table 2). 


Setup, interface, documentation, support 

Alsys guarantees operation of the compiler only with 
its I/O and memory board; in fact, it will only sell the 
compiler bundled with the board at this time. Conse- 
quently, setup consists of configuring the company’s 
board as the first 4M bytes of memory, and any other 
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memory board as an auxiliary RAM disk. If you can live 
with this restriction, the installation is straightfor- 
ward. 

The Alsys Ada-to-PC interface is well thought out 
and a pleasure to use. Alsys conveniently uses Ada- 
named notation (or positional notation) for passing 
parameters to the compiler, and the company has found 
a reasonable method of conforming to the PC’s 8- 
character limit on file names without similarly restrict- 
ing the names of the Ada modules. You can abbreviate 
all commands and parameters, provided the abbrevia- 
tions are unique. 

Overall, the documentation that comes with Alsys 
Ada 1.2 is first rate, although it’s too alphabetical in 
organization. Alsys does provide three appendices for 
the first section—one for a sample session, one for a 
command summary, and one for filling out trouble 
reports. Unfortunately, there is no index, nor is there a 
list of all possible run-time error messages. All of the 
information you need is in the documents, but it’s 
difficult to find quickly. The documentation should have 
at least an alphabetical index and a functional index. 
Alsys agrees, and it hopes to add indices in future 
releases. 

Alsys should also provide an appendix on the develop- 
ment and running of large programs. Currently, this 
information is scattered about the manual. For exam- 
ple, to allow the sharing of code space, you should 
choose task types with initialization entries, in prefer- 
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From 0 to 10 million 
pixels in'One second 


Finally a graphics controller card in sync 
with your 286/386-based application 


Vectrix matches your high-speed microprocessor with high-speed 
graphics. The PEPE graphics controller card utilizes a proprietary Digital 
Differential Analyzer (DDA), a custom bit-slice processor, and a unique 
organization of high speed video shifter RAMS. The result — line drawing 
speeds in excess of 10 million pixels per second. 


4 YEARS OF GRAPHICS EXPERIENCE 


Sophisticated technology like this doesn’t just happen. Vectrix has been a 
leader in the complicated and competitive field 
of graphics for over four years. During that time, 
we have assembled an experienced, innovative 
engineering staff ready to focus their expertise 
on your system needs. 


OEM-ORIENTED DEVELOPMENT TOOLS 


Because they understand your requirements, 
our engineers provide a variety of tools to 
simplify applications development. Onboard 
high level graphics commands are accessible 
directly or through standard programming lan- 
guage libraries provided on disk. Customized 
firmware can be provided using a plug-in, down- 
loadable RAM card in place of the ROM 
control memory. 


An onboard character generator addresses a 
separate text overlay plane. Graphics planes 
can be zoomed and panned independently — 
of the text overlay plane. Bitblts, raster ops = 
and DMA further enhance PEPE’s speed. ' | KI 


Thus PEPE is ready to provide the graphics for your next system. And 
Vectrix stands ready to serve you with state-of-the-art technology, proven 
product reliability, and an engineering staff capable of translating your 
system needs into product functionality. 


SPECIFICATIONS 
Resolution — 1024 x 1024 or 1024 x 768 


Available in Five Configurations: 

16 colors 

16 colors, double buffered 

16 colors from a palette of 4096 

256 colors from a palette of 16.8 million 
4096 colors 


Speed — 10,000,000 pixels per second 
40,000 short vectors per second 
DMA speed: matches host bus speed 


Interface — 8-bit or 16-bit PC family 
Video — 60 Hz non-interlaced 


SOFTWARE DEVELOPMENT TOOLS 


Computer Innovations C Library 
IBM Macro-assembler Library 
Lattice C Library 

Bi Microsoft Fortran Library 
| Turbo Pascal sub-routines 
—— VDI Driver 


: 


' Pe ac 


Vectrix Corporation, 2606 Branchwood Drive, Greensboro, NC 27408 (919) 288-0520 
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The system provides four compile options 
that affect execution performance. 


ence to generic packages that contain anonymous tasks. 
In addition, commands for unloading and loading the 
Ada compiler (RESIDENT switch on the SYSTEM 
command) let you free some of the available space for 
running a large program. This information could be 
collected in one appendix, and it would also be useful if 
such an appendix reviewed the advantages and disad- 
vantages of using access variables, instead of variant 
records, to hold large, variable-dimensioned arrays. 

The documentation of the developer’s kit is equally 
impressive. Alsys includes two packages (DOS and 
DOSE), for accessing PC-DOS and BIOS functions. An 
extensive section tells you how to write your own 
assembler code; for simple type marks the interface is 
fixed, but for variant structures, Alsys reserves the 
right to make changes in future releases. Although the 
DOS and DOSE packages are extremely useful for 
getting at the hardware, Alsys should also support the 
ANSI Ada representation clauses and low-level con- 
structs that would complete the Ada-to-machine inter- 
face. These features are especially important, because 
the DOS interfaces don’t allow for true interrupt-driven 
operation. (Alsys plans to support these features in 
future releases. ) 

Telephone and update support has been very good. 
Alsys even provides a sample software trouble report 
(STR) on disk for reporting errors to the factory. The 
test conducted by this author revealed several bugs in 
the prerelease 1.0 compiler; Alsys quickly tracked the 
problems down so that version 1.2 was nearly perfect. 
In addition, the company discovered several obscure 
run-time system annoyances. For example, a drift in 
the run-time system clock counter caused the program 
to run 1.5 times slower than the commanded sampling 
rate. Also, a very subtle problem caused the program to 
crash after 10 hours of operation, with a FIND TABLE 
ERROR message; the problem was traced to an erro- 
neous (but nonfatal) use of the terminate error, which 
caused the run-time system to raise an internal con- 
straint-error. However, as long as you use the termi- 
nate alternative in such a way that its effect is well- 
defined, this bug will not affect program operation. 

A survey of other Alsys users confirmed these 
findings about the company’s support record. For exam- 
ple, Alsys was able to track down and work around 
conditions that were raising exceptions across package 
boundaries. In general, if you submit clear trouble 
reports, and if you simplify your program example, 
Alsys support is fast and efficient. 

You should be aware of one minor user-interface bug. 
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If you give a print-screen command when you are at the 
Ada prompt, the system locks up. To avoid this out- 
come, just give a system command before the print- 
screen command. 


One can always hope for more 

However good a product is, there’s always room for 
improvement. Alsys could effect the following enhance- 
ments, and in many cases is working to that end, as 
indicated. 

e@ Add representation clauses; the current method 
of gaining access to the machine requires polling 
and an assembler routine (scheduled for future 
release). 

@ Offer an optional math_lib that’s compatible with 
the VAX math-lib (currently under test). 

@ Provide a pragma that sets the default INTE- 
GER and FLOAT sizes. 

@ Change the default on the LIB_M- 
ANAGER.NEW command to “tasking=yes.” 

@ Include a pragma or an alternate TEXT_IO li- 
brary that allows for asynchronous I/O and does 
not halt other tasks while waiting for the final 
carriage control (the current way to accomplish 
this effect is to use the package DOS, 
DOS.READ_KBD_... and poll the global vari- 
able KBD_DATA AVAILABLE in a loop with a 
0.1-sec delay to let other tasks in). 

@ Provide a pragma that allows for arrays larger 
than 64k bytes; unless you use pointers, arrays 
must fit within a 64k-byte segment (under inves- 
tigation for future releases). 

Include time-slice options (under investigation). 

@ Include documentation on the run-time tasking 
scheduler (is it fair? is it round-robin? are tasks 
that are ready to be executed also ordered by the 
degree of staleness of the delays? etc). 

@ If possible, allow the DOS editing keys to work. 

@ Offer an optional debugger, and include a section 
in the manual on how best to debug programs (in 
development). 

@ Provide an 8087/80287 emulator library (for addi- 
tional cost). 

@ Provide a timer stub that could be linked in to 
allow an IBM PC to access AST, Quadram, or 
Seattle memory-board timers (each uses a differ- 
ent I/O port). 

@ Include an appendix on developing large pro- 
grams for best execution or minimum memory. 

You can use the current version of the compiler and 
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Machine, Gate “a schdracie and 
Boolean Equations in the same 
_ design. Then pass this int 


2426 Charlesto d. M 


CAN 
YOU 


name the company who 
makes a 64K CMOS PROM at 


4) nsec using one-third 


the power of bipolar? 


(See page 182) 


—_ BAaabuir’ 
Coaxial Cable 
Connectors 


Fast and Easy to Install 

e Twist-on, wedge clamp or crimp type connectors in BNC and TNC 
Styles, plus Twinax connectors 

e For use with RG58 through 62/U plenum cable sizes and most 


Twinax cable 


e Easily terminated in seconds with minimum tooling 
e Full line of adapters and receptacles also available, along with 
Stripping and crimping tools 


Pawn] 


ELECTRICAL GROUP 
Tinley Park, IL 60477-0981 * Phone 1(312) 532-1800 


In Canada: Panduit (Canada) Limited 
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Visit PANDUIT at NEPCON WEST Booth 1654 


system for the following applications: education, be- 
cause the compiler can be trusted, and development, 
provided that you have an 8-MHz or faster machine, an 
extra RAM disk in addition to the Alsys 4M-byte RAM 
disk, and at least 20M bytes of disk space. When Alsys. 
adds representation clauses, you will also be able to use 
the system for embedded PC applications. In release 
1.3 of Alsys Ada, the rendezvous times will be eight 
times faster, interrupt-driven assembly language rou- 
tines will be supported, and an optional source-code 
debugger will be available. Alsys also sells versions of 
Ada for 68000 systems. 

For more information on Alsys Ada, you can contact 
the manufacturer at 1432 Main St, Waltham, MA 02154 
(phone (617) 890-0030). The author can supply an exe- 
cutable version of the CCCP for the IBM PC, along 
with documentation, to readers who send a self-ad- 
dressed, stamped envelope and a preformatted disk 
with their requests to the author at the Charles Stark 
Draper Laboratory, 555 Technology Square, MS 92, 
Cambridge, MA 02139. EDN 
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Now you can cut the cost It's the most integrated 
ofa PCLAN dramatically with — networking solution in the 
our new 82588 LAN controller. 12 Mbps range. 
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And it’s optimized to run 
with standard phone wiring. 
Which means that low- 

cost PC LANs can finally get 
off the ground. And that’s 
exciting. Especially when 
you consider that 10 million 
PCs out there could use an 
inexpensive way to connect. 

That's a great reason to 
start designing now 4 
with the82588. Its am 
the LAN controller 
that reduces cost by ™ 
cutting your board space in 
half. Saving you the bucks 
and bother of installing 
extra chips. 

We put timing recovery, 
data encoding/decoding, 
collision detection and trans- 
mit clock generation all on 
a single chip.To lower your 
component count. 

Which adds up to even 
more savings in areas like 
assembly, testing and reliability 

And we made sure that 
the 82588 supports emerging 
LAN standards like StarLAN. 
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It also supports the IBM’ PC 
Network. Plus many other 
specialized baseband and 
broadband LANS. 

And because it snaps 
together with Intel’s world 
standard 186 and 188 micro- 
processors, you eliminate 
TTL glue and save even more 
money.While speeding 
. up your design. 

1! To help your LAN 
” products take off, were 


“i Pefeting an easy-to-use 


design kit. Included are two 
82588s plus all the essential 
hardware, software and 
documentation needed to 
tie two PCs together. And all 
for just $65. 

For information on how 
to get your kit, call Intel 
toll-free at (800) 548-4725 
and ask for Lit. Dept. W-334. 

Then see how high your 
profits can soar. 


“intel 


seas Dade ine ctia ternational B 


ness Machines Corporatio 


EDN Februa CIRCLE NO 63 


Ah, the big idea. Everyone 
has one. But not everyone can 
afford a plotter to plot one on. 
Which got us thinking. What if 
there was an HP quality plotter so 
reasonably priced you could afford 
to hook one up to every PC CAD 
workstation in the office? 

Introducing the HP DraftPro 
Plotter. Now for only $5400 any 
architect, engineer or designer can 
create perfect plots time after time. 
Consider what the DraftPro can do: 

It can draw straight lines, 
smooth arcs and perfectly-formed 
characters. Allon C and D-size 
drafting film, paper or vellum, 
using eight different pen colors. 

Furthermore, it works with 


just about any PC, such as the 
HP Vectra PC and IBM PC's. As 
well as popular PC CAD programs 
like VersaCAD and AutoCAD. 

If the idea of having HP 


reliability with a low price tag 


makes sense to you, call us now. 
For a brochure and sample plot, 
call 1 800 367-4772, Dept. 2151. 

The HP DraftPro Plotter: 
high-quality drafting for only 
$5400.* 


The drawing shown below was produced on the 
HP DraftPro with VersaCAD software. 


VU, HEWLETT 


PACKARD 


HP Vectra PC is a trademark of Hewlett-Packard. IBM PC isa regis- 
tered trademark of International Business Machines. VersaCAD isa 
registered trademark of T & W Systems. AutoCAD is a registered 
trademark of AutoDesk, Inc. *Suggested U.S. list price. 


How to pull off a fantastic 
HP plot for only $5400. 


PG704EM ¥ 


© 1987 Hewlett-Packard Co. 
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CIRCLE NO 103 


Power op amps solve 
deflection-yoke 
drive problems 


Power op amps provide the ability to post- 
tion beams in any desired position as well 
as the ability to retain a steady-state post- 
tion. Putting both the power and signal 
stages in one compact package affords 
space/weight savings, and the lower parts 
count contributes to reliabity. 


Granger Scofield, Apex Microtechnology Corp 


When compared with open-loop systems, closed-loop 
power op-amp circuits offer distinct advantages in cur- 
rent control for driving deflection yokes. By configu- 
ring a power op amp in a conventional voltage/current 
conversion circuit, you can use negative feedback to 
force the coil current to stay exactly proportional to the 
control voltage. The resulting higher accuracy makes 
many new applications, such as E-beam lithography, 
heads-up displays (which require random beam posi- 
tioning), and other complex data displays, feasible. 

By placing the nonlinear impedance of the deflection 
yoke inside the feedback loop of a power op amp, you 
. can readily realize steady-state positioning, which is 
difficult, if not impossible, to achieve with open-loop 
circuits. In addition, using power op amps you can 
easily design sweep systems with substantially im- 
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YOKE DRIVER: —V=(L)Al/At 


NOTES: 
EXCITATION RATE IS 60 Hz. 
RETRACE TIME IS 730 »SEC. 


Fig 1—Specifically designed to drive an RCA Cody II tube, this 
circuit provides high accuracy, a high slew rate, a fast settling time, 
low crossover distortion, and low internal losses. 


proved linearity. Finally, the op amps’ versatility helps 
speed the design process and reduce development 
costs. The end result is a higher-accuracy display that 
uses fewer parts and has better reliability. 

The vertical-deflection circuit of Fig 1 is specifically 
designed to drive a high-efficiency RCA Cody II tube. 
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Closed-loop power op-amp circuits offer dis- 
tinct advantages in current control when 
driving deflection yokes. 


(5A P-P) 


YOKE DRIVER: —V=(L)AI/At 


Fig 2—By using the PAI0A power op amp in place of Fig 1’s PAO2, 
you can drive a 7.8-mH/40, coil at 5A p-p without changing timing 
requirements. 


The PA0O2 is well-suited to this application: It has very 
good linearity, a high slew rate, a fast settling time, low 
crossover distortion, and low internal losses—charac- 
teristics that are critical for a high-resolution display. 

Sense resistor Rs, which converts the yoke current to 
a voltage for op-amp feedback, is the key component in 
this circuit. With the feedback applied to the inverting 
input, and the position-control voltage applied to the 
noninverting input, the summing junction’s virtual- 
ground characteristic ensures that the voltage across 
Rs is equal to the input voltage. As a result, the highly 
linear control of the voltage across Rs ensures accurate 
beam positioning. 

The value of Rg has a significant impact on the 
performance of this circuit. All op-amp errors—voltage 
offset, imperfect common-mode rejection, offset drift, 
etc—will appear across the sense resistor. To minimize 
these errors when they’re translated into current, you 
must set the value of Rs as high as possible. If you 
choose a very large value for Rs, you can, in fact, reduce 
these errors to the point where they are insignificant. 
Unfortunately, choosing a large value for Rg will dimin- 
ish drive capability and increase circuit power dissipa- 
tion because the total coil current flows through the 
sense resistor. 
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To optimize the value of Rg for a given application, 
you must make some error-vs-efficiency tradeoffs, and 
so the inductance, transition times, and current level 
will define the necessary voltage drive requirements. 
The Cody II display is designed to operate at 50 or 60 
Hz, with retrace times of 730 usec and coil currents of 
2.25A p-p. 

To change the current in an inductor, the drive 
voltage (Vprive) is proportional to both current change 
and inductance, but inversely proportional to transition 
time: 


Vorive= Ldi/dt 
Vorive=(6.5 mH)(2.25A/730 MSEC) 


Sweep 
retrace. 


To determine the required supply-voltage levels, add 
the supply-to-output differential rating of the power op 
amp (listed on the data sheet) and the voltage dropped 
across the combined values of the sense resistor plus 
the coil resistance to these drive requirements: 


Vprop=Ip (Rst+ Rx) 
Vprop=1.125A(0.5+3)=3.94V 
Vs = Voprivet Vs-o+ Vorop 
Vs =0.98+2+4+3.94=6.92V sweep 
Vs =20.03+2+3.94=25.97V retrace. 


You must exercise some caution when you use non- 
symmetrical power supplies because, under abnormal 
conditions, the inductive load has the potential to store 
energy from the higher-valued supply. For example, if 
the high-output voltage remains on the yoke longer 
than the normal retrace time, the collapsing magnetic 
field will discharge the stored energy into the lower 
voltage supply via the power op amp’s inductive-kick- 
back protection diodes. This collapse will generate a 
voltage transient on the supply rail; the transient’s 
amplitude will be a function of the stored energy and 
the transient impedance of the power supply. If the 
transient- and supply-voltage combination exceeds the 
rail-to-rail voltage rating of the amplifier, you'll destroy 
the amplifier. A zener clamp on the amplifier output 
will minimize the possibility of this problem occurring. 


Delve into stability concerns 

Because the current-control capabilities of this circuit 
rely on feedback from the current/voltage-conversion 
sense resistor, the inductance of the yoke will introduce 
some phase shift into the feedback signal. Although the 
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phase shift on a perfect inductor theoretically ap- 
proaches 90°, the phase margin of an op amp is always 
less than 90°, so you must add some circuitry to prevent 
oscillation. 

In Fig 1, the network consisting of Rp, Rr, and Cr 
shifts the feedback from current mode (via Rs) to 
direct-voltage mode at the higher frequencies. This 
scheme bypasses the extra phase shift introduced by 
the inductor. As far as component values for this 
network are concerned, first of all Ry must be much 
larger than Rs but must not be greater than 1 kQ 
because the op amp’s input capacitance would other- 
wise add phase shift. You then select Rp to properly 
dampen the circuit at the unity-gain frequency. Rp’s 
value is usually a multiple of Ry; a safe starting value is 
2Ry. Finally, select Cr to establish the 3-dB corner 
frequency at one-third the unity-gain bandwidth of the 
amplifier. For the PA02’s 4.5-MHz bandwidth, Cr 
should be 50 pF. 3 

To develop an even more powerful deflection circuit, 
substitute the PA10A power op amp (Fig 2). With this 
op amp, you can drive a 7.8-mH/4Q coil at 5A p-p 
without changing timing requirements. Calculations for 
this design are 


Vorwe=(5A)(7.8 mH/15 mSEC)=2.6V sweep (1) 

Vorive=(5A)(7.8 mMH/730 wSEC)=53.48V_ retrace (2) 

Vorop = (2.5A)(0.5+40)=11.25V (3) 
Vs =2.6V+8V411.25V =21.85V 
V5=53.43V+8V4+11.25V =72.68V 


sweep 
retrace. 


The circuits of Fig 1 and Fig 2 each have a 730-psec 
retrace-time requirement. In both cases, the op amps 
easily meet this requirement because they have slew 
rates and settling times that are significantly faster 
than the retrace time. 

To better understand the deflection application (as 
well as other applications), refer to Fig 3. You can see 
the output voltage waveforms the op amp must gener- 
ate to develop the desired retrace current step for Fig 
2. The trace preceding point A is the end of the sweep 
waveform and has a relatively slow current rate of 
change. The peak output voltage at point A equals the 
sum of Eq 1 and Kg 3. 

Retracing begins at time A, where Eq 2 dictates the 
drive voltage required to achieve the retrace di/dt. 
From time A to time B, the amplifier is running at its 
slew-rate limit. The current in the yoke starts to track 
the input voltages at time B. From time B to time C, 
the op amp’s output voltage is the sum of Eq 2 and the 
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Fig 3—The op amp must generate these output voltage waveforms 
to develop the desired retrace current step for the circuit of Fig 2. The 
trace preceding point A is the end of the sweep waveform. 


value of instantaneous IR drops. Eq 3 indicates the 
final value. 

The abrupt slope change of the input waveform at 
point C again puts the amplifier in a slew-rate-limit 
mode until the output current is proportional to the 
input voltage (Eq 1 plus IR drops). At point D, Eq 1 is 
satisfied, and the amplifier will maintain the required 
current for the sweep portion of the waveform. 

Fig 3 uses time expansion, which better illustrates 
the slew-rate and voltage-swing requirements for the 
amplifier. During the retrace section of the waveform, 
the amplifier has to sum the drive voltage (Eq 1 and Eq 
2) twice. In the Fig 2 circuit, this drive voltage amounts 
to 112V. With the PA10A’s typical slew rate of 5V/usec, 
the slew time is only 22.5 .sec—an insignificant portion 
of the total retrace time. Once you understand the 
voltage-swing requirements, however, it’s easy to see 
that slew rate becomes important as the scan rates 
increase. 
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Once you understand voltage-swing re- 
guirements, it’s obvious that slew rate be- 
comes important as scan rates increase. 


In both Fig 1 and Fig 2, having the nonlinear 
inductive element inside the op-amp feedback loop 
improves accuracy levels. In addition, the op amp’s high 
gain and the use of negative feedback improves 
linearity. 

Heads-up displays require swift transitions between 
any two points on the screen. The waveforms in Fig 4a 
illustrate the yoke’s input-drive-voltage and current 
requirements for achieving a single full-scale step in 


di/dt=15A/ySEC 


Fig 4—Heads-up displays demand swift transitions between any 
two points on the screen. The waveforms in a illustrate what the 
circuit in b must generate to satisfy the yoke’s input-voltage and 
current-drive requirements. 
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beam position for Fig 4b’s circuit. The 3V levels sustain 
the steady-state current through the coil resistance and 
sense resistors; the 29V level corresponds to the peak 
output voltage required for a position change. 

You can use slew-rate and settling-time figures from 
the amplifier’s data sheet to determine what percent- 
age of the total transition time will be required for 
slewing and settling. As a starting point, it’s reasonable 
to allow 50% of the total transition time. 

The circuit in Fig 4b is designed to make a maximum 
transition in 4 wsec when delivering 2A to the 13-ywH 
coil. Although the fundamentals of Fig 4b’s circuit are 
identical to those of the previous two circuit examples, 
the high speed involved does introduce some differ- 
ences. To achieve rapid transitions, you must optimize 
amplifier slew rates, something you can accomplish 
quite easily with the PA09, a video power op amp with 
external phase compensation. Nonetheless, you’ll have 
to examine the poles and zeros in the feedback loop 
because reactive feedback elements force the amplifier 
to operate over a very wide gain range—very high gain 
during transitions, but unity gain at steady state. 

The network of Cr, Rp, and Rr sets high-frequency 
gain at approximately 100. At this gain, you can phase- 
compensate the amplifier and still maintain fast slew 
rates. Next, you must plot the feedback zero of the 
yoke-inductance and sense-resistor combination (Fig 
da). Then, you draw in the high-frequency feedback 
level of the RC network (which is approximately 40 dB) 
and select Cy to produce a pole approximately one 
decade below the intersection point. Fig 5b shows the 
PA09’s open-loop Bode plot as well as modifications due 
to feedback effects—that is, a slope increase below 500 
kHz and a shallow slope at the unity-gain crossing point 
to ensure stability. 

With 50% of the total transition time set aside for 
slewing and settling, 2 wsec remains to change the yoke 
current with full voltage applied to the coil. You can 
calculate voltage requirements as follows: 


V=L di/dt 
V =(13  H)(4A/2 wSEC)=26V 
Vprop =(2A)(0.5+ 1)=3V 
VoRIVE =26V+3V=29V 
Vs=29V+8V=37V. 


You also have to calculate the value of the phase- 
compensation capacitor per the requirements of the 
PAO9. The amplifier’s data sheet recommends compo- 
nent values as a function of circuit gain (Rp/Rr). With 
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side view 
(actual size) 


With a Planar light-emitting 
electroluminescent flat 
panel display, you could use 
the rest of this space for 
anything you like. Call either 
503-690-1100 or 503-690-1102, 
or write for a brochure: 
PLANAR SYSTEMS, INC. 
1400 N.W. Compton Drive 


Beaverton, Oregon 97006. L\/VI\N— 


The Definition of Quality 
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In the video frequency range, even a few 
inches of wire can raise the interconnection 
impedance and limit the output slew rate. 


the recommended compensation capacitor, the PA09’s 
data sheet indicates that amplifier slew rate will be 
400V/ysec. For a 58V swing, this slew rate equates to a 
voltage slewing time of 145 nsec. Adding the settling 
time (1.2 sec to 0.01%), the total is comfortably below 
the 50% allotment of 2 usec. 

Of course, you can modify component values during 
circuit testing to improve performance. In this particu- 
lar case, the value of Rp had a considerable effect on 
circuit damping, which is predictable because Rp affects 
the corner frequency where the roll-off slope flattens 
near the unity-gain point. The value of Cr, on the other 
hand, wasn’t particularly critical. Nevertheless, a 2-pF 
compensation capacitor, as opposed to the 5-pF value 
recommended on the data sheet, helped increase the 
slew rate without significantly affecting stability. 


Some circuit-layout tips will help 


Because of the PA09’s high speed, you must take 
certain precautions to avoid any degradation in circuit 
stability and accuracy. To help prevent unwanted feed- 
back, for example, use single-point grounding for the 
entire network or use a solid ground plane. 

To ensure adequate decoupling at high frequencies, 
bypass each power supply with a tantalum capacitor of 
at least 10 pF and parallel it with a 0.47-~F ceramic 


RESPONSE (dB) 


100k 1M 10M 


100 1k 10k 


FREQUENCY (Hz) 


(a) 


capacitor. You should connect the ceramic capacitors 
directly between each of the two amplifier supply pins 
and the ground plane, and you should locate the tanta- 
lum capacitors as close to the amplifier as possible. 

Use short input leads to minimize trace capacitance at 
the input pins. Input impedance of 5000 max, combined 
with the PA09’s input capacitance of approximately 6 
pF’, will maintain low phase shift and promote stability 
and accuracy. 

You should also keep the output leads as short as 
possible. In the video frequency range, even a few 
inches of wire can have significant inductance, which 
will raise the interconnection impedance and limit the 
output slew rate. In addition, the skin effect increases 
the resistance of heavy-gauge wires at high frequen- 
cies. To minimize losses, it’s best to use multistrand 
Litz wire to carry large video currents. 

Finally, you must connect the amplifier case to an ac 
ground (signal common) even though it’s isolated. In 
the video frequency range, the case can act as an 
antenna and cause errors or even oscillation. 

The circuit in Fig 6 drives the deflection yoke of a 
precision X-Y display from a +15V supply. This trans- 
impedance bridge is the only configuration that can 
provide the necessary high voltage drive from such 
supply levels. The circuit allows you to double the 


GAIN (dB) 


100k : 
FREQUENCY (Hz) 


100 ak 10k 


(b) 


Fig 5—You must examine the poles and zeroes in the feedback loop closely to achieve rapid transitions. First plot the feedback zero of the 
yoke inductance and sense resistor, and then draw in the high-frequency feedback level of the RC network (a). A look at the PAQ9’s open-loop 


Bode plot (b) shows the modifications due to feedback effects. 
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The winner! 

In price, 
performance... 
and speed! 


OurPM 5786 pulse generator is way 
ahead in price, versatility, speed and 
ease of operation. It's priced at alevel 
you won't find anywhere else. This in- 
strument covers virtually every ana- 
log and digital requirement, with a 
high speed performance of 125 MHz/ 
2ns transition speed that’s ideal for 
testing fast circuitry. 
= Unique warning LED’s make it un- : =e vont : 
beatably easy to set up, by giving an a — May ~“ 
instant indication of any erroneous j q — 
time settings. 


= The dual output with choice of bipo- 
lar, positive or negative output pulses 
reduces the need for manual setting 
even further. 


= The preset burst option (PM5786B) 
facilities testing of memories, shift re- 


gisters and other digital circuitry. 


Test the difference 


= Product Credibility in technology, 
technique, quality and service is as- 


sured because the PM 5786 is backed 
by the corporate resources of one of 
the world’s largest electronics com- 
panies. 


"PMSTBER puso generator He-1250 SSS ‘Lip 7 Test the difference and you'll also 
_ 2 = agree that Philips wins on price and 
performance! 


Write to: Philips I&E, T&M Department. 
Building HKF/55.5600 MD Eindhoven. 
The Netherlands: 040-78 28 08 
Germany: (0561) 50 14 86 
Great Bnitain: 0223-35 88 66 
France: 01-4830 11 11 
Belgium: 02-525 6692/525 6694 
Switzerland: 01-488 22 11 
Italy: 089-3635240/8/9 


PHitips| Test & 
Measurement 
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With a transimpedance-bridge configura- 
tion, you don’t have to use separate supplies 
for CRT deflection. 


amplifier’s rated output voltage capability and thus 
eliminate the need to use separate power supplies for 
CRT deflection. 

In Fig 6, sense resistor Rg combines with IC, to 
implement a differential voltage-controlled current 
source. IC, functions as an inverter to provide an equal, 
opposite-phase voltage drive to the load. The feedback 
_ path of R,,4 through Rip performs the single-ended-to- 
differential conversion by making the output voltage a 
common-mode signal for IC;. In this manner, the ampli- 
fier’s common-mode rejection and the resistive-divider 
ratios maintain the transimpedance function (differen- 
tial feedback from Rg only). 

Because Rjs/Rig and Rj-/Rip must divide the output 
voltage equally for both amplifier inputs, you’ll have to 
use a matched or precision resistor network. In addition 
to initial matching, the network’s temperature-tracking 
ratios are also critical. The series RC network, in 
parallel with the inductive load, reduces the load’s 
phase shift at high frequencies and effectively elimi- 
nates the possibility of oscillation. 

For a display with a 0.3-mH yoke inductance, a 
+3.75A full-scale current requirement, and 0.40 de coil 
resistance, the maximum transition time between any 


+1.875V 


Fig 6—The transimpedance bridge is the only configuration that 
can satisfy a deflection yoke’s high-voltage drive requirements from a 


+15V supply. 
ee ee or ee ee ee 
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two points is 100 sec. The calculations similar to those 
required for the previous examples are 


V =Ldi/dt 
V =(8 mH)(7.5A/100 wSEC)=22.5V 
Vprop =3.75A(0.5+0.4)=3.375V 
VorivE=22.5V +3.375 V =25.875V. 


Each amplifier in the bridge provides one-half the 
required drive level: approximately 13V. The PA02 is 
well-suited to this application because of its high 20V/ 
sec slew rate and its ability to drive the load close to 
the supply rail. During the beam transition time, the 
average output voltage swing of the circuit will be 
greater than 26V. 

Because of the inductive load, the current flow will 
change direction only after the transition is 50% com- 
plete. This restriction allows both amplifiers to swing to 
their no-load saturation levels (less than 1V from the 
supply rail) for this time period. In addition, IR drops 
during this time period generate voltages that add to 
the amplifier drive. During the second half of the 
transition, the current direction changes and the ampli- 
fier output swing decreases. Even at 75% completion, 
however, each amplifier will still swing in excess of 13V 
because the current magnitude hasn’t reached the 2A 
level. EDN 
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SERVICE. A dedication to meeting 
customer needs. Power General ex- 
ceeds your technical, quality, and de- 
livery requirements with advanced, 
yet economical products. All backed 
by a standard two (2) year warranty. 


SWITCHING POWER SUPPLIES. 
The world’s smallest, 1 to 5 outputs 
over a range of 25 to 200W. Features 
include UL, CSA, and VDE approval, 
input line filters, selectable inputs, and 
high efficiency operation. 


DC-DC CONVERTERS. A full line of 
encapsulated and open board power 
converters featuring 1 to 6OW, single, 
dual or triple outputs, high input/ 
output isolation, 2:1 input voltage 
range, high efficiency, and remote 
on/off. 
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UNINTERRUPTIBLE POWER SYS- 
TEMS. 200W and 400W models pro- 
vide reliable back-up power to 
computer based equipment in the 
event of power failure. Features in- 
clude 1.5mS transfer time, audible/ 
visual alarms, internal battery and 
desk-top styling. 


CUSTOMER SERVICE. Power Gen- 
eral delivers the total solution to your 
power requirements. Products that fit 
your needs. 


For complete technical data contact 
your nearest POWER GENERAL 
sales office or call our Instant Litera- 


ture Line: 
617-828-6216 Ext 322 
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Shield with one crimp. 
Overmoild in one step. 


Short-run solution: slide-on covers 
& isolate connector shield for ESD 


protection, give the appearance of 
overmolding (available 
without logo). 


Snap our shield halves together 
over the back of the connector. 
Terminate to the cable braid with 
one crimp. The finished assembly 
provides consistently predictable, 
consistently reliable EMI protection. 

The finished assembly also 
overmolds in a single step. So you 
gain performance, and save time— 
just the productivity combination 
you expect from AMP. 

There are more, too. Order 
eonnectors/shielding kits for any of 


the popular termination methods — 
solder, crimp/snap, or mass 
insulation-displacement. Order 
them select-loaded, per RS-282. 


And of course look to the rest of 
the AMPLIMITE line for additional 
step-saving, performance-gaining 
ideas. 

Our headers, for example, are 
available with integral board locks 
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One step shielding/overmold kits save time and 
free up resources. Kits are available with solder, 
crimp/snap, and mass insulation displacement 

AMPLIMITE contacts. 


AMP and AMPLIMITE are trademarks of AMP Incorporated. 


and close-tolerance solder tails. 
Designed for robotics —and 
designed ahead, so the tooling that 
works with our through-hole Ds 
also works with surface-mount 
versions. 


Call (717) 780-4400 and 
ask for the AMPLIMITE Desk. 
AMP Incorporated, 
Harrisburg, PA 17105-3608. 


AANINAP interconnecting ideas 


AMPLIMITE headers with close-tolerance 
soldertails, snap-in board locks fit well 

with robotic application. Positioning datum 
is compatible with surface-mount versions. 
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SIGN 


Surprise. But the fact is, we do have the fastest high-density CMOS and 
bipolar PROMs in the industry. With more coming along all the time. In 
the last year, we've added at least one device for every density —from 
1/4K to 64K. 

We also have a large selection of surface mounted devices in both 
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PLCC and SO. 


Volume quantities are available now. Call 
800-227-1817, ext. 965D for more information. One standard. ting 


For free on-line information, dial 1-800-345- PEEK with any 80-column ASCII terminal or PC Sian 
and a 300 or 1200 baud modem (EVEN or IGNORE parity, 7 data bits, 1 stop bit). At° ‘Enter 
Response Code, type HSPROMS. In Conn. dial 1-203-852-9201. a A: of U.S. Philips Corporation 
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MICRO-LOGIC II 
The CAE tool with a 10,000-gate 
digital simula*or for your PC. 


Spectrum Software’s MICRO-LOGIC II® puts 
you on top of the most complex logic design 
problems. With a powerful total capacity of 
10,000 gates, MICRO-LOGIC II helps engi- 
neers tackle tough design and simulation 
problems right at their PCs. 
MICRO-LOGIC II, which is based on our 
original MICRO-LOGIC software, is a field- 
proven, second-generation program. It has 
a high-speed event-driven simulator which is 
significantly faster than the earlier version. 


@ Built-in shape editor 
@ Multiple delay models 
@ Printer and plotter hard copy 


Shape Editor 


A 200-type library of standard parts is 
at your fingertips. And for a new high in 
flexibility, a built-in shape editor lets you 
create unique or custom shapes. 


MICRO-LOGIC II is available for the IBM® 


PC. It is CGA, EGA, and Hercules® com- Sees = 2s ZS 
patible and costs only $895 complete. An Se a eS 
evaluation version is available for $100. 1021 S. Wolfe Road, Dept. E 
Call or write today for our free brochure Sunnyvale, CA 94087 
and demo disk. We'd like to put you in (408) 738. 4387 
Timing Simulator touch with a top digital solution. 
The program provides you with a top-notch 
interactive drawing and analysis environ- @ ‘Total capacity of 10,000 gates 
ment. You can create logic diagrams of up M@ Integrated schematic editor , MICRO-LOGIC Wis registered eademark 
to 64 pages with ease. The software fea- @ Fast assembly language routines Hercules is a registered trademark 
tures a sophisticated schematic editor @ Standard parts library of 200 types whaamiet tities ni 
: lee? : aoe , is a registered trademark 
with pan and zoom capabilities. @ Event-driven timing simulator of International Business Machines, Inc. 
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Designer’s Guide to 
EDIF—Part 3 


Use EDIE to create 
test vectors and 


verify your logic 


This third installment of a 4-part series shows how 
you can transmit your CAE/CAD tests to any system 
that understands the Electronic Design Interchangé 
Format (EDIF) by translating your test patterns into 
that format. After you have simulated an ASIC on a 
workstation, for ecample, you can have your foundry 
verify your test with the foundry’s own, more precise, 
device models. 


Esther Marx, Hart Switzer, and Mike Waters, 
Motorola Inc 


To transmit test patterns from a CAE system to a 
tester or to another CAE system, you must translate 
the data from the originating system’s format to the 
receiving system’s format. Today, you no longer have to 
write multiple translation programs to communicate 
with multiple CAE systems or testers. By using the 
Electronic Design Interchange Format (EDIF), a pub- 
lic-domain data format that presents and orders CAE/ 
CAD information, you can make one translation and 
transfer your data to all the systems that accept EDIF. 

A number of CAE vendors have added EDIF compat- 
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ibility to their systems, and you can share EDIF data 
among any of these systems. Developing an EDIF 
translator isn’t hard, but—as noted in earlier articles in 
this series—you must understand the syntax of EDIF 
(see those earlier articles, Refs 1 and 2, for an introduc- 
tion to that syntax). 
An EDIF test-pattern file begins with the line 
(EDIF... 
(DESIGN X3700 (QUALIFY LIBRARY_100 CELL_4022)) 


(LIBRARY LIBRARY_100... 
(TECHNOLOGY ... 


) 
(CELL CELL 4022... 
(VIEW BEHAVIOR .... 
(INTERFACE ... 
))))). 


In this statement, X3700 is the name of the design, 
LIBRARY _100 is the name of the library in which the 
design resides, and CELL_4022 is the cell within the 
library that contains the details of the design. 

The library and cell descriptions are part of the 
design section of an EDIF file. You can add test 
patterns to any cell in a library. The port names and 
waveform descriptions required in the specification of 
your test patterns are part of the interface section in 
the library’s cells. 

Logic states are part of the “technology” section of 
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You don’t have to write multiple transla- 
tion programs to communicate with multi- 
ple CAE systems or testers; you only need 
an interface to EDIF. 


the library. You use the “simulationinfo” statement to 
specify these logic states. The syntax of the simulation- 
info statement is 


(SIMULATIONINFO SIMULATIONINFONAMEDEF SIMULATION VALUE 
ARBITRATE ISOLATED [RENAME)). 


“Simulationinfonamedef” stands in the place to be occu- 
pied by the name that you specify in your design 
statement; it can be any name you choose. You must use 
this name again when you create the “simulate” section. 

In the place of “simulationvalue,” you declare the 
names that you are using for the logic states in your test 
patterns. For example, you can write 


(SIMULATIONVALUE FU FL FH RU RL RH DU DL DB). 


You can use any name in your simulationvalue list. 
Typical states are unknown (U), high (H), low (L), 
high-impedance (Z), forcing (F), and resistive (R). 
Because other statements, such as “pairwise” and 
“logiewaveform,” use the names that you define in the 
simulationvalue section, you should use abbreviated 
names. 

You can avoid signal contention in a simulation by 
using “arbitrate” statements. An arbitrate statement 
specifies the outcome when logic states of unequal 
strength collide. The order of the logic states in an 
arbitrate statement corresponds to the order of the 
logic states in a simulationvalue statement. A pairwise 
list in an arbitrate statement contains the results of 
wiring a state to itself and to those states, referred to 
in the simulationvalue statement, that follow that state. 
For example, if you use a design that obeys the logic 
table 


C 


you can create an arbitrate statement by copying the 
upper-right triangular matrix in row order. The “arbi- 
trate” statement then becomes 


(ARBITRATE (PAIRWISEHLZU LZU ZU U)). 


An “isolated” statement contains a single simulation 
value. This value is the state that you assign to unused 
input ports and to any net that includes no sources. 


186 


In addition to a simulationinfo section, the technolo- 
gy block must include a “numberdefinition” statement. 
In this statement, you specify the time units that you 
are using. The syntax of a “numberdefinition” state- 
ment is 


(NUMBERDEFINITION NUMBERDEFINITIONNAME (SCALE)). 


A library can contain only one numberdefinition state- 
ment. You may not write any time-dependent state- 
ments in your library until you have specified the time 
units. If you are using nanoseconds for your time units, 
the numberdefinition statement is 


(NUMBERDEFINITION SI 
(SCALE TIME 1(E1 — 9))). 


By combining the simulationinfo and numberdefinition 
statements, you can create a complete technology 
block, annotated with comments explaining the choice 
of abbreviations: 


(TECHNOLOGY X3700 
(SIMULATIONINFO X3700 
(SIMULATIONVALUE H L Z U) 
(ARBITRATE 
(PAIRWISEHLZU LZU ZU Z)) 
(ISOLATED Z) 


) 
(COMMENT “H = HIGH, L = LOW, Z = HIGH IMPEDANCE, 
U = UNKNOWN”) 
(NUMBERDEFINITION SI 
(SCALE TIME 1(E1 -— 9)) 


) 
(COMMENT “EDIF TIME UNIT IS NANOSECONDS”) 
) (COMMENT “END TECHNOLOGY’). 


Test patterns verify functional behavior 


Once you have completed your technology block, you 
can describe the input and output ports of your cells. 
The description of cell ports is a part of the “define” 
statement. The define statement is a part of the inter- 
face section in the behavior view of a cell. The syntax of 
a define statement is 


(DEFINE DIRECTION DECLARETYPE DECLAREOBJECT {RENAME}). 


You must define ports before you use them. A define 
statement can include definitions of several ports. For 
example, if you have a design that contains five inputs 
(CLK, IN1, IN2, IN3, and IN4) and two outputs (OUT1 
and OUT2), the define statement reads 


(DEFINE INPUT PORT (MULTIPLE CLK IN1 IN2 IN3 IN4)) 
(DEFINE OUTPUT PORT (MULTIPLE OUT1 OUT2)). 
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You do not need the keyword “multiple” if you’re 
defining only one input and one output. 

After you have described the general features of your 
simulation, you can (finally!) specify the test patterns. 
Test patterns go into the “simulate” statement, which is 
a part of the interface section of the behavior view of an 
EDIF cell listing. The simulate section uses the key- 
words “wavevalue,” “apply,” and “logicwaveform” to 
create test patterns. The syntax of a simulate state- 
ment is 


(SIMULATE SIMULATIONINFONAMEREF SIMULATENAMEDEF 
{ <IGNOREVALUE> | WAVEVALUE | APPLY | COMMENT | 
PORTLISTALIAS | USERDATA | <RENAME> }). 


The order of statements is important in the simulate 
block. You must specify what “ignorevalue,” “portlist- 
alias,” and “wavevalue” stand for before you can use 
them in statements. 

“Simulationinfonameref” is a reference to the name 
you specified in the place of “simulationinfonamedet” 
in your simulationinfo statement. In general, “... 
namedef” is the definition of a name; each “... 
nameref” is a later use of that name. The character 
string composing the name is the same in all cases; you 
simply regard the first occurrence as the definition. 


1 < 10 15 20 


CE H(1-4), REPEAT HHLL(5-76), H(79-80), H(83-84) 
PE L(1-4), L(69-78), L(81-82), L(85-92) 
PO L(1-2), L(69-70), L(79-92) 

(b) P1 L(1-2), L(71-72), L(77-80), L(83-84), L(87-92) 


OE H(3 


In the place of “simulatenamedef,” you give the name 
of the simulate block. In this section you specify a run 
number or a set of test patterns. 

You can declare one, but only one, ignorevalue in 
each simulate block. For an input port, an ignorevalue 
means “don’t apply”; for an output port, an ignorevalue 
means “don’t care.” 

In the place of “portlistalias” you insert a name that 
represents a list of ports. This abbreviation minimizes 
redundant port-list specifications in a simulation file. 


Apply waveforms to single lines or buses 


In a “wavevalue” statement, you assign a logical state 
to a waveform fragment. Using the wavevalue state- 
ment, you can describe a pulse, a multicharacter logical 
state, or any other waveform fragment. The syntax of 
the wavevalue statement is 


(WAVEVALUE LOGICNAMEDEF PERIOD LOGICWAVEFORM). 


In the place of “period” you insert an integer that 
gives (in EDIF time units) the duration of each logic 
value in a logicwaveform. The total duration of a 
waveform is the product of the period and the number 
of logicnamerefs in a logicwaveform statement. 


P2 (1-2), L(73-74), L(77-80), L(83-88) 
P3 L(1-2), L(75-76), L(79-86), L(91-92) 


) 
CLK H(1-2), REPEAT HL(3-92) 


Fig 1—This set of input waveforms (a) tests the Moto2500 4-bit programmable binary counter; the numerical rendering (b) gives the 


transitions. Table 1 gives the EDIF translation of these waveforms. 


transitions. Table I gives the BLM! translation C—O 
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Logi states are part of the “technology” 
section of the library. You use the “simula- 
tioninfo” statement to specify these logic 
states. 


You use the logicwaveform statement to define the 
input patterns that you will apply to a logicnamedef 
(which you defined in your wavevalue statement). To 
create a clock pulse, you can write 


(WAVEVALUE PULSE 1 (LOGICWAVEFORM H L)). 


You may define a logicnameref only with the logic 
names that you declared in the simulationinfo section or 
as ignorevalues. You may not use a logicnamedef that 
you declared for an earlier wavevalue state. You may 
not nest wavevalue definitions. 

You may use a wavevalue statement to describe any 
waveform. For example, if you want to express the 
waveform 

C : LLLLL LLLLL LLLLL HHHHH HHHHH HHHHH HHHHH LLLLL 


S: LL Xx ; 
P : LHHUXHL, 


you write 


(IGNOREVALUE X) 

(WAVEVALUE C 5 (LOGICWAVEFORM L L LHHHHL) 
(WAVEVALUE S 2 (LOGICWAVEFORM L X) 
(WAVEVALUE P 1 (LOGICWAVEFORM L HH U X H L)). 


If you have defined your EDIF time units as “scale time 
1 (KE 1 —9),” each time unit is 1 nsec. The duration of C 
is 40 nsec, the duration of S is 4 nsec, and the duration 
of P is 7 nsec. 


States persist until you change them 


Once you have set all the parameters of a simulation, 
you can apply your waveforms to your circuit. In the 
“apply” statements, you specify the applied input wave- 
forms or the expected output response. The syntax of 
an apply statement is 


(APPLY CYCLES PERIOD {LOGICINPUT} {LOGICOUTPUT} 
{COMMENT} {USERDATA}). 


In the place of “cycles” you give the number of cycles 
that you apply to the waveform. If you specify too few 
cycles in your logicwaveforms, the last-specified logic 
value of each port persists. If the period of a logic value 
in a logicwaveform doesn’t last until a cycle ends, the 
simulation applies the final logic value until the cycle is 
over. 

The keyword “logicinput” begins statements that 
define input waveforms. These statements specify the 
port to which you are applying a given logic waveform, 
and they include logicwaveform statements. The syntax 
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of a logicinput statement is 


(LOGICINPUT (PORTLIST | LISTNAMEREF) LOGICWAVEFORM), 


where “portlist” is replaced by 
(PORTREFERENCE | (MULTIPLE {PORTREFERENCE})) 


and “listnameref” iterates the name given in place of 
“listnamedef” in the statement 


(PORTLISTALIAS LISTNAMEDEF PORTLIST [RENAME]). 


The logicwaveform specified in a logicinput statement is 
the same as the one specified in the wavevalue state- 
ment. In a logicinput statement, you use the logic- 
namedef that you defined in your wavevalue statement. 


Groups of input ports 

You can either list a design’s ports in a portlist or use 
a listnameref to represent a group of ports ina portlist- 
alias. Each port specified in a portlist or listnameref 
receives a value from the logicwaveform statement. 

To simulate a design that has N ports, the logic 
simulator applies the first N logic values in the logic- 
waveform to the ports. The simulator holds each port in 
its initial state for the logic value’s period, as specified 
in an apply statement. 

In the second cycle of the simulation, the software 
applies logic value N+1 to the first port in the portlist 
or listnameref. The software continues loading the 
ports until it has applied a logic value to each port. 
After applying the second cycle’s logic values to the 
ports for the length of time specified in the “period” 
section of the apply statement, the software continues 
the simulation until it has completed all the apply 
cycles. 

If the period to apply a logic value lasts longer than 
the corresponding wavevalue, the last value in the 
wavevalue persists until the end of the period. If a 
logicwaveform ends before the simulator has completed 
all cycles, the simulator keeps each port in the last 
condition seen. For example, if you write 


(APPLY 4 10 


(LOGICINPUT A (LOGICWAVEFORM U L H))), 


you create the waveform 


CYCLE 1 CYCLE 2 CYCLE 3 CYCLE 4 
A:UUUUUUUUUU LLLLLLLLLL HHHHHHHHHH HHHHHHHHHH. 
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TABLE 1—EDIF FILE FOR 4-BIT COUNTER 


(EDIF MOTO2500 
(DESIGN MOTO2500 (QUALIFY MOTO2500__LIBRARY MOTO2500__CELL)) 
(LIBRARY MOTO2500__LIBRARY 
(STATUS (EDIFVERSION 1 1 0) (EDIFLEVEL 0) 
(WRITTEN (TIMESTAMP 1986 03 19 17 27 46 29) 
(ACCOUNTING AUTHOR “MOTOROLA ASIC PRODUCT GROUP"’) 
(ACCOUNTING PROGRAM “PAT2EDIF VERS M715.00.001 ***09/20/85***"))) 
(TECHNOLOGY MOTO2500 
(SIMULATIONINFO MOTO 2500 
(SIMULATIONVALUE H L Z U) 
(ARBITRATE (PAIRWISE H H HHLLUZU U)) 
(ISOLATED Z)) 
(COMMENT “H=HIGH, L=LOW, Z=HIGH IMPEDANCE, U = UNKNOWN” 
“THIS PAIRWISE REPRESENTS AN ECL TECHNOLOGY WIRED-OR’’) 
(NUMBERDEFINITION SI 
(SCALE TIME 1 (E 10 —9)))) 
(CELL MOTO2500__CELL 
(STATUS (EDIFVERSION 1 1 0)(EDIFLEVEL 0) 
(WRITTEN (TIMESTAMP 1986 03 19 17 27 43 30) 
(ACCOUNTING AUTHOR “MOTOROLA ASIC PRODUCT GROUP"’) 
(ACCOUNTING PROGRAM “PAT2EDIF VERS M715.00.001 ***09/20/85***") 


) 


) 
(VIEW BEHAVIOR LOGIC 
(INTERFACE 
(DEFINE INPUT PORT (MULTIPLE CE PE PO P1 P2 P3 OE CLK)) 
(SIMULATE MOTO2500 FUNCTIONAL__TEST 
(IGNOREVALUE X) 
(APPLY 92 1 
(LOGICINPUT CE 
(LOGICWAVEFO 
HLLHHLLH 
HLLHHLLH 
LHHLLHHL) 
(LOGICINPUT PE 
(LOGICWAVEFORM L L 
HHHHHHHHHHH 
HHHHHHHHHHH 
LHHLLHHL)) 
(LOGICINPUT PO 
(LOGICWAVEFORM LL HHH 
HHHHHHHHHHHHHH 
HHHHHHHHHHHHHH 
H L)) 
(LOGICINPUT P1 
(LOGICWAVEFOR 
HHHHHHHH 
HHHHHHHH 
LLLHHLLHH 
(LOGICINPUT P2 
(LOGICWAVEFOR 
HHHHHH 


DD 
= 


gla 
rite 


(LOGICINPUT P3 
(LOGICWAVEFOR 
HHHHHHHH 
HHHHHHHH 
HELLL EEE 
(LOGICINPUT OE 
(LOGICWAVEFORM L L 
LOGICINPUT CLK 
(LOGICWAVEFORM H H L H 
HLHLHLHLHLHLHL 
HLHLHLHLHLHLHL 
HLHLHLHLHLHLHL 
\(COMMENT “END APPLY”) 
\(COMMENT “END SIMULATE”’) 
\(COMMENT “‘END INTERFACE’) 
(COMMENT “END CELL”) 
\(COMMENT “END LIBRARY”’) 


) 
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en 


Once you have completed your technology 
block, you can describe the input and out- 
put ports of your cells. 


Because the logicwaveform ended before the final cycle, 
the value H persisted to the end of the period. 


Waveforms and pulses obey the same rules 


The same rules that apply to a single logic value 
apply to a complex logicwaveform. For example, if you 
write 


(IGNOREVALUE X) 
(WAVEVALUE C 2 (LOGICWAVEFORM H H HL LL B)) 
(APPLY 3 20 

(LOGICINPUT B (LOGICWAVEFORM H C X))), 


you create the waveform 


CYCLE 1 CYCLE 2 
B : HHHHHHHHHHHHHHHHHHHH HHHHHHLLLLLLHHHHHHHH 


CYCLE 3 
XXXXXXXXXXXXXXXXXXXX. 


Because the logiewaveform C ends before the period 
ends, the value H persists to the end of the period. 

You can use these rules to apply waveforms to several 
ports simultaneously. For example, if you write 


(APPLY 4 10 
(LOGICINPUT (MULTIPLE B D E) 
(LOGICWAVEFORM HHHLLLUXHH))), 


you create the series of waveforms 


CYCLE 1 CYCLE 2 CYCLE 3 CYCLE 4 
B: HHHHHHHHHH LLLLLLLLLL UUUUUUUUUU HHHHHHHHHH 
D:HHHHHHHHHH LLLLLLLLLL XXXXXXXXXX XXXXXXXXXX 
E : HHHHHHHHHH LLLLLLLLLL HHHHHHHHHH HHHHHHHHH4. 


The logicwaveform applies successive values to ports B, 
D, and E. B receives the first, fourth, seventh, and 
tenth values; D receives the second, fifth, and eighth 
values; and E receives the third, sixth, and ninth 
values. Because the logicwaveform is applying a third 
cycle to ports D and E, these ports remain in the last 
state of their respective waveforms until the end of the 
cycle. 

You can use these rules to clear a circuit. To do SO, 
you write 


(APPLY 50 0 
(LOGICINPUT IN1 (LOGICWAVEFORM L)). 


By setting the period to zero, you apply the waveform 
to the network until it settles. | 
In addition to applying signals to a circuit, you can 
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analyze the response of your circuit to an applied signal. 
A “logicoutput” statement compares the expected re- 
sponse of a circuit and the results of the simulation. An 
EDIF file reports a match of the simulated response 
and the logicoutput or expected response if the two 
waveforms match at any time during a cycle. The 
syntax of logicinput and logicoutput statements is the 
Same in each case. 
Consider the following example. In the file 


(SIMULATIONVALUE H L G) 
(IGNOREVALUE X) 
(WAVEVALUE C 1 (LOGICWAVEFORM LL LHHH HL)) 
(WAVEVALUE S 1 (LOGICWAVEFORM L G)) 
(APPLY 5 10 
(LOGICOUTPUT YAOUT (LOGICWAVEFORM X HLCS)), 


you are setting output YAOUT to look like 


YAOUT : XXXXXXXXXX HHHHHHHHHH LLLLLLLLLL LLLHHHHLLL 
LGGGGGGGGG LGGGGGGGGG. 


To achieve a match between the expected value of 
YAOUT and the results of the simulation, YAOUT can 
be any legal value during the first cycle, but it must 
reach the value H at some time during the second cycle. 
At some time during the third cycle, YAOUT must be 
L. During the fourth cycle, YAOUT must be L in the 
first three units, H in the next four units, or L in the 
next three units. Finally, YAOUT must be L in the first 
unit or G in the last nine units of the fifth and sixth 
cycles. 

By combining portlistalias, logicinput, and logicout- 
put statements, you can create almost every logic 
waveform. For example, if you write 


(PORTLISTALIAS INPUTS (MULTIPLE A1 A2 A3 A4 B1 B2)) | 
(PORTLISTALIAS OUTPUTS (MULTIPLE OUT1 OUT2)) 
(WAVEVALUE M 2 (LOGICWAVEFORM L L L H L)) 
(WAVEVALUE S 5 (LOGICWAVEFORM H L)) 
(APPLY 4 10 
(LOGICINPUT INPUTS (LOGICWAVEFORM LLLLHH 
MLSLLH HHSHB)) 
(LOGICOUTPUT OUTPUTS (LOGICWAVEFORM X X LH 
MS L)), 


your input waveforms and expected output waveforms 
are 


Al : LLLLLLLLLL LLLLLLHHLL HHHHHHHHHH HHHHHHHHHH 
A2 =: LLLLLLLLLL LLLLLLLLLL HHHHHHHHHH HHHHHHHHHH 
A3 : LLLLLLLLLL HHHHHLLLLL HHHHHLLLLL HHHHHLLLLL 
A4 : LLLLLLLLLL LLLLLLLLLL HHHHHHHHHH HHHHHHHHHH 
Bl : HHHHHHHHHH LLLLLLLLLL LLLLLLLLLL LLLLLLLLLL 

B2 : HHHHHHHHHH HHHHHHHHHH HHHHHHHHHH HHHHHHHHHH 
OUT1 : XXXXXXXXXX LLLLLLLLLL LLLLLLHHLL LLLLLLLLLL 

OUT2 : XXXXXXXXXX HHHHHHHHHH HHHHHLLLLL HHHHHLLLLL. 


The portlistalias definitions let you condense several 
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If you don’t believe our PCB warranty, 


ask the people who've collected on it. 


Our warranty is this: If you discover you've 
received a bad board, we'll pay for it. | 

The thing is, we rarely have to. In fact, the quality 
of our boards is so reliable, some of our customers 
have stopped incoming board tests altogether. 

And we're not just talking about simple two-sided 
boards, either. We specialize in building dense 
multi-layer and surface mount PCBs, using 
technologies refined and perfected by our own 
engineers. 

Best of all, the farther away you are, the farther 
we go to help meet your deadlines. The result is an 


on-time delivery record unequalled in the circuit 
board industry. 

So, even though you'll never get rich collecting 
on our warranty, think of the time and money you'll 
save by never having a bad board. Join our 
large audience of satisfied customers and send 
your next PCB manufacturing order to Tektronix. 
Call 1-800-222-2600 ext. 216 in the U.S., 
or 1-800-338-8800 
ext. 216 in 
Canada. 
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To simulate a design that has N ports, the 
logic stimulator applies the first N logic val- 
nes in the logucwaveform to the ports. 


TABLE 2—COMPRESSED 
EDIF FILE FOR 4-BIT COUNTER 
(EDIF MOTO2500 


(WAVEVALUE PULSE 1 (LOGICWAVEFORM H L)) 
(IGNOREVALUE X) 
(APPLY 46 2 
(LOGICINPUT CE 
(LOGICWAVEFORM H HHL 
LHLHLHLHLHLHLH 
LOGICINPUT PE 
(LOGICWAVEFORM LL HHH 
HHHHHHHHHHHHH 
(LOGICINPUT PO 
(LOGICWAVEFORM LH HHHH 
HHHHHHHHHHHHHLH 
H 
L 


(LOGICINPUT P1 
(LOGICWAVEFORM LHHHH 
HHHHHHHHHHHHHH 

(LOGICINPUT P2 
(LOGICWAVEFORM LH HHH 


i 


HHHHHHHHHHHHHHHLH L H)) 
LOGICINPUT P3 

(LOGICWAVEFORM LH HHHHHHHHHHHHHHHHHHH 

HHHHHHHHHHHHHHHHLHLLLLHHL)) 


(LOGICINPUT OE 
(LOGICWAVEFORM L H L)) 
(LOGICINPUT CLK 
(LOGICWAVEFORM PULSE))) 
(COMMENT “END APPLY”) 


statements into one line. The first group of waveforms, 
LLLLHH, contains the first values that you are apply- 
ing to the inputs. The second group of waveforms, 
MLSLLH, contains the values that you are applying to 
the inputs in the second cycle. You use the same syntax 
to analyze the response at the output ports. 

For purposes of illustration, it’s worth looking at the 
EDIF files that present the test vectors for a device 
that contains several gates. The example is a 4-bit 
programmable binary counter, the Motorola Moto2500, 
which has eight inputs and five outputs. (You can, of 
course, simulate a much more complex circuit than a 
counter. ) 

The inputs are CE (clock enable), PE (programma- 
ble-input enable), OE (output enable), CLK (clock), and 
PO to P3. The outputs are TL (total count) and QO to 
Q3. CE, PE, and OE enable their respective input lines 
when they are low. PO and Q0 are the respective least 
significant data bits; P3 and Q3 are the respective most 
significant data bits. TL is low only when the four 
output bits are all high. 

To apply the test patterns shown in Fig la on page 
187 to this device (Fig 1b’s numerical rendering speci- 
fies the transitions), you write the EDIF file given in 
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Table 1 on page 189. 

Because this test forces the outputs to zero (OE is low 
during time step 3), you can’t compress the logicwave- 
forms. If you give OE the test pattern H(3-4), you can 
compress the waveforms and change the EDIF file to 
the form given in Table 2. 

You should now know how to create component 
libraries, how to transfer component libraries, and how 
to transfer test vectors using EDIF. The final article 
will explain how you can develop EDIF interfaces for 
your own CAD operation. EDN 
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Modules. 
We also package four of these FIFOs, 
built in LCCs, on a co-fired multilayered 
ceramic DIP substrate. The result is two 
extraordinarily dense, fast, rugged low- 
power subsystems. Available now. 


4Kx9 FIFO Module: IDT7M204. Com’. 
access time (worst case) is 40ns. 


2Kx9 FIFO Module: IDT7M203. Com’. 
access time (worst case) is 40ns. 


Some FIFOs are deep, some 
are fast. These FIFOs are deep. 
And fast. 


The IDT7202 1024x9 is the deepest 
FIFO in the world. The IDT7201 is 
512x9. Both provide the same fast 
45ns read/write cycle time. Yet power 
dissipation is only 500mW. Our 
advanced CEMOS™ II technology 
makes it possible. 

Both devices are pin and func- 
tionally compatible with the Thomson 
Components-Mostek MK4501 but run 
twice as fast. Use the IDT7201 
as a pin-for-pin replacement 
or insert the 1024x9 IDT7202 \ 


y 
< iV 
and double the density of your Uh, = 


existing sockets. 
Available now.(132-pin <AleaedAZ2 16x16 Multipliers: IDT7216/ 
7217 replaces MPYO16H/K, 


DIPs (both plastic and ceramic) 
1 32-pin ceramic LCC Ua low-cost Am29516/17and WTL1516. Com’. 
32-pin J-leaded plastic PLCC and speed (worst case) is 35ns. 
Cincredibly dense modules. 
Features. The IDT7201/7202 are 
dual ported and can be written to and 
read from asynchronously and simul- 
taneously. 1] Unique RAM pointer 
architecture eliminates fall through 
time C1 full, empty and half-full flags 
(‘A’ version) CI rapid data retransmit 
(full 9-bit parity width ideal for serial 
communication systems LD easily 
expandable by width and depth. 


The rest of the DSP family. 


Providing bipolar speed, 
highest quality, with CMOS 
power and compaciness. 
Available now. 


16x16 Multiplier/Accumulators: 
IDT7210 (35-bit output) replaces 4 
TDC1010. 0 IDT7243 (19-bit out- £ 
put) replaces TDC1043. Com'l. 
speed (worst case) is 35ns. 


12x12 Multipliers: |IDT7212 

replaces MPY012. 0) IDT7213 is 

single clock. Com’|. speed (worst case) 
is 30ns. 


CEMOS and MICROSLICE are trademarks of 
Integrated Device Technology, Inc. 


1024x9 FIFO 


ACCESS 


TIME 


3 Ty 


ey SF 
YLAaNIGAP, 
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12x12 Multiplier/Accumulator: 
IDT7209 replaces TDC 1009. Com’ 
speed (worst case) is 30ns. 


64-bit IEEE Floating Point Multiplier 
and ALU: IDT72064/065 replaces 
Weitek 1064/65—2.5 megaflops, 
double precision multiply. 
C11IDT72264/265 replaces Weitek 
1264/65—5 megaflops, double preci- 
sion multiply. Available 4Q86. 


May we be of assistance? 

Call 1-800-IDT-CMOS or your local IDT 
representative for a copy of our Applica- 
tion Note— explaining how to use deep, 
fast FIFOs— and a Product Selector 
Guide on high-speed CEMOS™ 
MICROSLICE™ (bit-slice products), 
Subsystems, DSP Circuits (mul- 
tipliers, MACs and FIFOs), ultra-fast 
Logic and one of the fastest, broadest 
lines of Static RAMs in the world. 


Leading the CMOS Future 


Integrated 


Digital Signal Processing Division 


3236 Scott Blvd. 

Santa Clara, CA 95054-3090 
(408) 727-6116 

TWX 910-338-2070 


CIRCLE NO 110 193 


194 


FAST FRIENDS 


With a firm grasp of the most 
popular software, Iskra’s VMEbus boards 
get you to market. . . fast — 


Intel 80286 


Getting acquainted gets expensive. Especially if your VMEbus 
CPU boards require you to extensively modify your software. 
Fortunately, now ISKRA makes CPU boards with Inteland | am : 
Digital microprocessors that show up ready for work, Day 1. ee a th 
ISKRA’s VMEx286, with an 8MHz 80286 microprocessor, is | =e 
already fluent in XENIX'iRMX; and MS-DOS‘ And our VMExJ11 pe 
has an equally firm grasp of Digital’s DCJ11'and RSX-11M’ and 
adapts to single and dual processor configurations. 
lf you want to skip over the formal introductions and get i= 
right down to business, then write to us at 222 Sherwood Ave. a 
Farmingdale, NY 11735 or call toll-free 


1-800-862-2101. In NY, call 516-753-0409. TOATAZAED * 


VME TECHNOLOGIES 
ee ee 


A DIVISION OF ISKRA ELECTRONICS INC. 


Se 


*Trademark of Digital Equipment Corp. Trademark of Microsoft Corp. **Trademark of Intel Corp. VMEx286 and VMExJ11 are trademarks of Iskra VME Technologies. 
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EDITED BY TARLTON FLEMING 


Tree structure detects multiple inputs 


P J Reilly 
Kaiser Electronics, San Jose, CA 


The logic gates that make up the tree structure of Fig 1 
present an elegant solution to the problem of how to 
determine when more than one of a group of inputs is 
simultaneously active. (The alternative product-of- 
terms equation becomes unmanageably large for more 
than a small number of inputs. ) 

You form the tree with “either/both” cells, using as 
many as necessary to accommodate any reasonable 
number of inputs. Each cell consists of one OR and one 
AND gate (Fig 2), which simply indicates whether 
either or both of the cell’s inputs are active. Each 
“either” output forms an input to the next level of the 
tree. Any “both” output that is active indicates more 
than one input to the tree is active, so all “both” outputs 
are collected in a large multiple-input OR gate to form 
the circuit’s output signal. 

For some circuit technologies, it may be appropriate 


INPUT 1Q ee 


INPUT 2Q© 


| 
INPUT 3Q Sal. 


INPUT 4Q 


EITHER 
INPUT 5Q 


INPUT 6O 


INPUT 7Q 


INPUT 8OQ 


Fig 1—This tree structure provides an output that detects the condition in which any two or more of the eight inputs are active. 
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EITHER 


Fig 2—Each “either/both” cell in Fig 1 includes simply an AND 
gate and an OR gate. 


to use NAND and NOR gates instead of AND and OR 


types and to invert the definition of signals at each level 
of the tree. EDN 
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EITHER 


OR 
TOGETHER 
ALL “BOTH” 
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Isolation amp uses balanced modulators 


Moshe Gerstenhaber, Steve Miller, than 350 ~.V—that is, less than 0.0018%, which corre- 
and Chuck Kitchen sponds to a linearity of better than 14 bits. Offset- 
Analog Devices Semiconductor, Wilmington, MA voltage drift and gain drift are less than 2 ppm and 50 

ppm/*C, respectively. Typical bandwidth and output 
The isolation amplifier of Fig 1 can faithfully transfer noise are 35 Hz and 1 mV rms. If necessary, you can 
low-frequency information across a potential of 3 kV or improve these two specs by optimizing the output-filter 
more. Over the +10V Vy range, Vour deviates no more characteristics. 


15V TRIANGLE-WAVE GENERATOR 
& 15V —-15V 
ee neuer 
AD581KH 
VREF1 8 11 8 10V-PEAK 2000 pF 2.2-kHz, 
susan SQUARE 11V-PEAK 
10V WAVE TRIANGLE 
1 - 16; 12.13 R; O 15V WAVE 1SV 
: 17 11° V 5k | » 7 Y 
ul 
15V - 
vy, 
100k 100k 
220 
—15V 
| 
(@ INPUT OUTPUT 
Ving CIRCUIT | CIRCUIT 
(-10 TO +10V) 
¥. | 
DEMODULATOR 3-POLE OUTPUT FILTER 
C2 
Sci: 15V* -15V* 0.022 uF 
° r § PoE: 
AD581KH 11 3 | 15V" 
@ 
100k 100k 3 7 
ae 
ICg 
| AD711 
Cy C3 = 
0.22 pF 0.022 pF 
8 
1N4148 5k 
NOTES: 20k 
1. C1, C2, AND C3 SHOULD BE MYLAR OR POLYPROPYLENE TYPES. GAIN 
2. THE INPUT POWER SUPPLIES MUST BE WELL ISOLATED ADJUST 


FROM THOSE OF THE OUTPUT SECTION. 
“OUTPUT POWER SUPPLIES 


Fig I—This isolation amplifier employs PWM and optocoupling to transfer low-frequency signals across a barrier of 3 kV or more. 
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SPECIFICATIONS 


Model 


MAR-1 
MAR-2 
MAR-3 
MAR-4 
MAR-7 
MAR-8 


Frequency Gain,dB Max. Power NF 
MHz (min.) dBm(typ) dB(typ) 
DC-1000 13 0 5.0 
DC-2000 8.5 +3 6.5 
DC-2000 8 +8 6.0 
DC-1000 7 +11 7.0 
DC-2000 8.5 +4 5.0 
DC-1000 21 +10 Fe Be 


~ de to 2000 MHz 


: amplifier series 


‘ 


Price $ Unbelievable, until now. ..tiny monolithic wide- 
Bee band amplifiers for as low as 99 cents. These rugged 
0.99 (100) 0.085 in.diam.plastic-packaged units are 500hm 

1.50 (25) input/output impedance, unconditionally stable 

1.70 (25) regardless of load* and easily cascadable. Models 
1.90 (25) in the MAR-series offer from 7 to 21dB gain, 

1.90 (25) 0 to +11dBm output, noise figure as low as 3.5dB 
2.20 (25) (5.50B typical), and up to DC-2000MHz bandwidth. 


*3:1 load VSWR for the MAR-8 


Also, for your design convenience, Mini-Circuits 


designers amplifier kit, DAK-1 offers chip coupling capacitors at 12 cents each* 


.c Size Tolerance Temperature Value 
5 of each model, total 30 amplifiers (mils) Characteristic 
80 x 50 5% NPO 10, 22, 47, 68, 100, 470, 680, 1000 pf 
| A9 O99 80 x 50 10% X7R 92200, 4700, 6800, 10,000 pf 
on Y : 120 x 60 10% X7R 022, .047, .068, .1uf 
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Typical Biasing Configuration 


* MINIMUM ORDER 50 PER VALUE 


finding new ways... 
setting higher standards 


C— Mini-Circuits 


A Division of Scientific Components Corporation 


P.O. Box 166, Brooklyn, New York 11235 (718) 934-4500 
Domestic and International Telexes: 6852844 or 620156 
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JAISY 


A 


IS ENGINEERING 


ASIC manufacturers estimate that currently up to 50% of design 
time is spent in test and test development. Now Daisy is streamlin- 
ing the design process through designed-in testability. The advan- 
tage: Design engineers can easily consider and incorporate testing 
requirements in their design, ensuring an effective and economic 
untegrated design/verification system. Today, over 30% of Daisy users 
have integrated testing into the CAE design cycle, and over 70% will 
do so next year. 


With the increasing complexity of VLSI designs, not addressing test- 
ability in design can lead production to pass through inadequately 
tested parts—a fatal production problem. Daisy’s solution is a test 
tool kit for every stage of the design cycle. Testability analysis and 
accelerated fault simulation at the design stage. Device verification 
at the prototyping stage, and interface with ATE systems at the 
manufacturing stage. 


To adequately test a part, the test engineer must often create a 
separate device description for his own simulation and testability 
analysis. The time and effort are considerable, and there is no assur- 
ance that the test and design engineers are both in sync. The solu- 
tion is for both engineers to work with the same database and user 
interface. Daisy methodology allows test and design to proceed in 
parallel, using the same database, to ensure that the design will not 
just work as designed, but will be testable as designed. 


Fault simulation is an integral and time-consuming portion of the 
test process. Daisy's accelerated Fault Simulator, MegaFault, can 
shrink that time by an order of magnitude. As part of the TESTMASTER 
package, including the Daisy Testability Analyzer, Tester Interface 
Procedures, and Engineering Test System for prototyping verifica- 
tion, an engineer is provided the widest range of integrated test tools 
in the CAE industry. 


For information on Daisy’s growing Design-for-Test Solutions, and 
the Daisy product line, call the Daisy Literature Line at 1-800-556-6661 
(in California, 1-800-824-2385) and ask for Dept.D 80 , or write 
Daisy Literature, 3606 W. Bayshore Rd., Palo Alto, CA 94303. 


Trademarks: TESTMASTER, Daisy Testability Analysis, Daisy Fault Simulator, Engineering Test System, Tester Interface 
Procedures — Daisy Systems Corp. Registered Trademarks: Daisy, Personal LOGICIAN, LOGICIAN — Daisy Systems Corp. 
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Each balanced modulator (IC; and IC;) is connected 
as a +unity-gain block (Fig 2). IC. and op amp IC; 
constitute a triangle-wave generator that produces a 
2.2-kHz, 11V pk waveform at the inverting input of 
comparator IC,. With Vin applied to its other input, the 
comparator produces a PWM output in which Vjn is 
encoded as a duty cycle. 

This modulated signal passes through the 
optocoupler and, together with 10V from reference ICg, 
directly drives IC;, the second modulator. IC;’s +10V 
output (Fig 3) has a duty cycle that corresponds 
precisely to Vin. Finally, the 3-pole, lowpass output 
filter reconstructs Vin by extracting the duty-cycle 
waveform’s average value. 

Because the isolation amplifier’s linearity depends on 
duty-cycle ratios, variations of waveform frequency and 
amplitude have negligible effect on the circuit’s accura- 
cy. What’s more, the precision voltage references (IC; 
and IC.) provide a temperature-stable output. The 
isolation amplifier’s transfer function is 


Vin(Vrere) 


Vour = V7 an(RYRy 


Excessively low duty cycles degrade linearity. So, 


Y INPUT 
Vin © 


PET 


i ae 


CARRIER 


INPUT COMP 


TRIWAVE OUTPUT, 
PIN 6 OF IC3 


OPTOCOUPLER 
OUTPUT 


IC; OUTPUT 


Fig 3—Looking at these waveforms, you can see how the Fig 1 
circuit uses PWM to encode V ny as a duty cycle. 


resistors R, and R; set the triangle-wave amplitude 
(IC3, pin 6) to 11V peak, which sets a minimum duty 
cycle for +10V inputs. To restore the proper output 
level, you set the filter gain to 1.1 by adjusting the 
20-kO potentiometer. EDN 
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Fp MODULATION 


42,13, 14 Vout 


MODULATED 
O OUTPUT 
SIGNAL 


Fig 2—This balanced modulator/demodulator is configured as a =un ity-gain device. 
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Signal conditioner borrows power from host 


Albert Helfrick 
Dowty-RFL Industries, Boonton, NJ 


The circuit of Fig 1 addresses a common data-acquisi- 
tion problem: how to condition a remote, low-duty-cycle 
signal for transmission back to the host system without 
installing dedicated power-supply lines for the condi- 
tioning circuit. As an added benefit, hysteresis at the 
input (pin 4) of the CMOS one-shot, IC,, accommodates 
signals with slow rise and fall times. 

Between input pulses, capacitor C, borrows charge 
from the host system’s 5V supply to provide a Vpp 
voltage at pin 16 of IC,. The charging current flows 
through R;, the coaxial cable, R:, and R;. Following 
power turn-on, these resistors limit the surge current 


Q, 
PHOTOTRANSISTOR 


to 10 mA as required by the 4538 monostable multivi- 
brator. (Other one-shots may have a lower current 
rating; for these, you can divert part of the turn-on 
surge by connecting an external diode in parallel with 
the internal protection diode.) As C, approaches full 
charge, the charge current flows through a p-channel 
MOSFET in IC, instead of the protection diode. 

The Vpp voltage decreases as the one-shot’s output 
duty cycle increases. However, the timing components 
shown (R, and C,) and, for example, a 0.5-Hz rate of 
phototransistor events, produce a duty cycle of 0.1%, 
which has little effect on the Vpp voltage. EDN 
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(HOST SYSTEM) 
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Q. é 
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Fig 1—This remote signal-conditioning circuit borrows power from the host system between input pulses by charging C, through the signal 


cable. 


Software routine probes TMS32010 code 


Roy McCammon 
3M Co, Austin, TX 


Two software macros (Listing 1) let you probe the data 
generated by a TMS32010 uC program in a manner 
analogous to the way an oscilloscope probes the circuit 
nodes of an analog filter. Just as the scope can reveal 
oscillating or saturated amplifier stages and noise in the 
analog circuit, the software technique can reveal similar 
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problems in a digital filter by probing its intermediate 
state variables. 

Your target system must include a spare input port 
(PA5 in Listing 1) for designating the state variable to 
be probed and a spare output port (PA6) for receiving 
the state variable’s value. For example, a personal 
computer can query the system by supplying variable 
names to the PA5 port. A D/A converter connected to 
the PA6 port can reconstruct the variable values for 
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DY-4 Offers Integrated Solutions 


At DY-4, we offer compatible 
product ranges for environments 
spanning commercial, ruggedized 
and militarized requirements, 

_.. and we do it in a most 
cost-effective manner. 


DY-4’s total commitment to 
systems integration solutions is 
a matter of record. 


In applications ranging from 
commercial to military, we have 
supplied both boards and systems 
that address our clients’ major 
concerns. 


Demanding environment 
Reliability 
Testability 
Quality control 
Multiprocessing/ 
high-performance architecture 
e Performance modelling 
e Redundancy 
e Operating systems 


BFE 


From boards to firmware to chassis 
systems, DY-4 offers complete 
VME system-integrated solutions. 
At DY-4, we are just as dedicated 
to solving system challenges in 
an innovative way, aS we ate to 
providing continuous customer 
support — before and after sales. 


Call today and we will send you 
our new Short Form Catalogue. 
See for yourself how our com- 
prehensive VME product solutions 
can benefit your current 
applications. 


DyY-4 SYSTEMS INC. 


California: 
(408) 377-9822 
Massachusetts: 
(617) 692-9308 
Canada: 

(613) 596-9911 


Denmark: 


(06) 96-3624 


DESIGN IDEAS 


display on an oscilloscope. 

The Probe macro has two parameters: the number of 
the probe and the RAM location to be probed. Each 
time during execution that the probe number matches 
the number at PA5, the macro fetches the variable 
value from that location and stores it at the TEMP2 
location. Then, the following interrupt macro’s first 
instruction outputs this value (listing the instruction 
first results in a fixed software delay for the output 
operation). 

You can sprinkle the probes throughout your inter- 
rupt code, but keep in mind that they use up program 
space and execution time. You need two temporary 
RAM locations: TEMP2 (dedicated to the probes) and 
TEMP1. Other requirements are as follows: seven 
words of program memory per probe, six machine 


cycles per unselected probe, eight cycles per selected 
probe, one RAM location for the first probe, one extra 
program-memory location, and two extra cycles for the 
OUT instruction. 

Number the probes in order of importance, designat- 
ing the lowest numbers as the most important. Then, 
you can select a subset of probes by reassembling with 
MAXPRB set to a desired number; only probes with 
numbers less than MAXPRB will be assembled. You 
can deactivate all probes by setting MAXPRB to zero. 
To proceed, assemble and link the program, begin 
execution, and then set PA5 to enable the desired 
probes. EDN 
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LISTING 1—PROBE ROUTINE 


MAXPRB EQU >20 


S$MACRO C,WORD 


ENABLE PROBE NUMBERS LESS THAN 32 
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PROBE 

SIF C.V<MAXPRB 

UNL TURN OFF LISTING. 

IN TEMP1, PA5 TRANSFER VALUE AT PA5 TO TEMP1. 

LACK sC.V: LOAD ACCUMULATOR IMMEDIATE WITH 
* THE NUMBER OF THIS PROBE. 

SUB TEMP1 SUBTRACT STORED VALUE OF PAS. 

BNZ $+4 IF THE STORED VALUE OF PAS Is 
* NOT THE SAME AS THE NUMBER OF 
* THIS PROBE, THEN THIS PROBE IS 
* NOT THE DESIRED PROBE. 

LAC >WORD.S: GET THE VALUE OF THE DESIRED 
a VARIABLE. 

SACL TEMP2 PUT THE DESIRED VARIABLE 
ca AT TEMP2. 

LIST TURN ON LISTING. 

SENDIF 

SEND 
IRQ first of interrupt routine 

OUT TEMP2 ,PA6 OUTPUT PROBE VALUE FROM PREVIOUS 
* INTERRUPT. 

PROBE 2/,FILTER1 OUTPUT FILTER] IF PA5 
& ao 7. 

PROBE >A, (FILTER2,3) OUTPUT FILTER2 LEFT SHIFTED 
* 2 BITS IF/PAS IS 1o. 

RET RETURN FROM INTERRUPT 
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Take Image Processing 
and Data Acquisition 
to MACH speed on the 


IBM PC with our new 
Array Processor. 


Fasten your seat belts! Our IBM PC array process- 
ing board and software fly! And they're completely 
backwards compatible with our Image Processing 
(frame grabber) and Data Acquisition (A/D, D/A) 
boards and software. 

Our MACH Series DT7010 Floating-Point Array 
Processor is general-purpose, and performs IEEE 
32-bit floating-point arithmetic at 6.5 Mflops. The 
DT7010 is particularly good at crunching data 
acquired by a Data Translation frame grabber or A/D 
board. 

And with our MACH Series software, you don’t 
have to program the board. The MACH Vector Sub- 
routine Library contains 118 general-purpose subrou- 
tines for digital image processing/signal processing, 
and vector/matrix operations. Our MACH Assembler 
and MACH Simulator ease writing custom 
algorithms. 

So hold on to your hat, and call us, at (617) 481-3700. 
The age of supersonic, desktop Image Processing 
and Data Acquisi- 
tion is flying. 


To learn more, see us in Gold 
Book 1987, or call to receive 
our first-ever 1987 3-Book Set, 
including 1987 Catalog, Prod- 
uct Summary Price 
List, and 
Applications 


Handbook. 


Fred Molinari, President 


Call (617) 481-3700 


Hardware MACH SERIES SUMMARY Software 


Array rey” FFT aaa. 
Processing 1024 Point 1024 Point 256 x 256 Price MACH Vector Subroutine Library 


Board Real Complex Image 


MACH Microcode Assembler And Simulator 
DT7010 
ly Peececok MACH Library, Assembler And Simulator 


* All execution speeds are real-world, not theoretical, and include overhead times. 


DATA TRANSLATION 


World Headquarters: Data Translation, Inc., 1OO Locke Dr., Marlboro, MA 01752 (617) 481-3700 Tix 951 646 
European Headquarters: Data Translation, Ltd., 13 The Business Centre, Molly Millars Lane, Wokingham Berks, RG112QZ, England Tlx 851849862 (#D) 
International Sales Offices: Australia (61) 2-6635289; Belgium (32) 2-7352135; Canada (416) 625-1907; Chile (2) 2-253689; China (408) 727-8222; Denmark (45) (02) 187188; England 
(44) 734-79383; Finland (358)-90-372144; France (33) 146306839; Greece (30) 951-4944: Hong Kong (852) 3-318585; India (91) 2-231040; Israel (972) 3-324298; Italy (39) 2-81821; 
Japan (81) 3-502-5550, (81) 3-375-1551; Korea (82) 778-0721-5; Malaysia (60) 3-36299; Morocco (21) 9-30-6949; Netherlands (31) 70996360; New Zealand (61) 2-663-5289; Norway 
(47) (02) 559050; Peru (51) (14) 31-8060; Philippines (63) 818-0103; Portugal (351) 1545313; Singapore (65) 271-3163; South Africa (27) 12469221; Spain (34) 14558112; Sweden (46) 8-7617820; 
Switzerland (41) 17231410, (41) 22360830; Taiwan (86) 2-709-1394; (86) 2-531-2434; West Germany (49) 89809020 
Data Translation is a registered trademark of Data Translation, Inc. IBM PC isa registered trademark of International Business Machines Corp. 
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Two-way amplifier uses few parts 


Rudy Stefenel 
Luma Telecom, Santa Clara, CA 


Fig 1 depicts a conventional 2-way amplifier used with 
2-wire telephone lines. This approach requires separate 
-amplifiers for each direction, hybrid 2- to 4-line trans- 
formers, and carefully designed complex-impedance 
terminations to match the capacitive reactance normal- 
ly associated with telephone lines. 

For 2-wire signal lines whose impedance is mostly 
resistive (telecommunications test equipment, for ex- 
ample), you can use the simpler, resistively terminated 
circuit of Fig 2. The boxes labeled “termination” are 
two telecomm devices (such as modems, modem test 
equipment, short-haul 2-wire communication lines, or 
minimum-loss impedance-matching pads) that are com- 
municating with each other. 

Like all 2-way amplifiers, both of these circuits may 
oscillate unless terminated with the proper impedance. 


Moreover, higher audio gain imposes greater accuracy 
constraints on the terminating impedance values. Be- 
cause resistors Ra, Rg, Rc, and Rp have a fixed relation- 
ship with one another, you can set the circuit’s “resist- 
ance level” by choosing a value for one of them—Rp, for 
example. Given the desired termination resistance Ry 
and amplifier gain A, you can then calculate values for 
the remaining resistors Ra, Rg, and Re. 

First, note that Ra contributes the only significant 
resistance between each amplifier and its load. Source 
impedance should equal the load impedance, so 


Ra=Rz (1) 


is the first of three design equations. Because IC; 
mustn’t contribute a signal while IC, is operating (and 
vice versa), IC.’s output must remain at virtual ground 
during that time. Therefore, Ra is also the input 
impedance for each amplifier. 


Fig 1—This schematic shows a typical 2-way amplifier used with telephone lines. 
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EASY AS IBC 


Advanced VME 
industrial I/O capability 


VMEbus 


INTELLIGENT BASE | 
CARD (IBC)-A/D 


On-Board Software 
Models AVME 9100, 9110 


FUTURE DIGITAL 
& ANALOG 
Models AVME 9500, 


9600 & 9700. 9220, 
9230 & 9300 


DIGITAL 1/0 


DIGITAL PULSE 
Model AVME 9480 10 


Mode! AVME 9460 


FUTURE 
ANALOG INPUTS 


LOW-LEVEL Models ECS 3130. 
ANALOG INPUTS ~***>*'** 
Millivolt - 


Thermocouple 
Model ECS 9142 


HIGH-LEVEL 
ANALOG INPUTS 


Models ECS 9120, 9121 


HIGH LEVEL SERIES 1800 RTD MILLIVOLT/ PNEUMATIC DIGITAL 1/0 Yo . PULSE 


Standard Mode! 6920 1/0 Input System 100 ohms (plat. cu) THERMOCOUPLE 0-15 PSI Logic Level 

Filtered Model 6921 (isolated) 10 ohms (cu) - Seven Types of T.C.s 0-30 PSI Solid State Relays ee Level 
Process Currents Differential (J. K, TS, R, E & B) 0-100 PSI Control Relays Model 6980 
Frequency Models 6950, 6951 Model 6947 Models 6955. Model 6980 
Strain Gauge 6956. 6957 
AC Voitage/Current 
DC Voltage 
Pressure 


Pot/ Slidewire 


storing all in dual port RAM mem- 
ory. The IBC and analog I/O cards 
provide for 14-bit A/D conversion, 
amplification, isolation, scaling, 
linearization and limit checking. 
The IBC card also has a local 
serial port for calibration, diagnos- 
tics and configuration. 

And digital |/O? Of course... 
provided for by a 64 channel 30 
volt bi-directional I/O card with or 
without relay field interfaces us- 
ing a variety of screw type termi- 


VME-Industrial I/O signal interfac- 
ing is now a simple matter of 
‘‘outting it on the bus.’ Thanks to 
Acromag’s analog and digital 
cards and termination products 
for interfacing real world I/O 
signals. 

Field inputs such as thermo- 
couple, RTD, voltage, frequency, 
strain gauge, pneumatic and 
many others are directly inter- 
faced via screw type termination 
products and I/O cards to the 


VMEbus—as easy as IBC. nation panels. 

The Analog Intelligent Base Card (IBC) simplifies the Acromag’s VME cards and termination products provide 
problem by forming an intelligent base for the analog subsys- the broadest industrial I/O capability available. All to make 
tem collecting and conditioning up to 256 analog signals and solutions to your industrial I/O needs as easy as IBC. 


poPDPDDDyEyPy?? ei) eo. 
+ Be DTD ? 


Thermocouple : - . ena 


SDIC, Santa Clara 
February 10, 11, 12 


See us at Booth No. 503-505 
A > ® To find out more about Acromag’s VME 
CfoMa Industrial I/O capability and commitment —= 
write for Bulletin 20-000.0. Or for immediate 
help call our telemarketing department at <— 
Acromag, Inc. ¢ 30765 Wixom Rd. ¢ Wixom, MI 48096 1-800-ACROMAG or (313) 624-1541. - 
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DESIGN IDEAS 


Next, the gain from IC;’s noninverting input to its the given gain A: 


output is 
_RcRp_ |B pe RoRg 
Rote +R, at ”" Ro+Rep 2) 
RcRa > ATPL. RoR 2 
Rct+Rez Rcot+Rpz 
and the gain from IC,’s output to R, is % because To ensure that no signal is emitted from IC. when 


Ra=R, (Eq 1). The product of these gains must equal only the lefthand signal source is active, IC.’s differen- 


TERMINATION 


TERMINATION 
AND SIGNAL SOURCE 


AND SIGNAL SOURCE 


(A IS THE GAIN FROM ONE PAIR OF 
TERMINALS TO THE OTHER.) 


AUDIO 
SIGNAL GENERATOR Preise 
50022 OUTPUT sah i. 
Re 49.9k. 1% 
49.9k. 1% 


Re 
Rp 100k, 1% 
100k, 1% 


Fig 3—Based on the circuit of Fig 2, this 2-way amplifier provides a gain of 2 between 600Q. terminations. 
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Our PM5192 and PM5193 Synthesizer/Func- 
tion Generators are two of a kind. Both feature 
8-digit frequency resolution; so setting accu- 
racy and reproducibility are guaranteed. Both 
are IEEE-bus compatible; so they can be in- 
tegrated into automated system set-ups. Both 
are housed in identical 19” cabinets; so they 
can be placed on a bench or mounted in a 
rack. And both offer the best value-for-money 
of any function generator on the market; so you 
get high performance without having to pay a 
high price! 

@ The PM5192 is a 0.lmHz to 20MHz instrument 
featuring: 5selectable waveforms with 
adjustable output to 20Vpp, and AM/FM/ 
Gating/Lin-Log sweep modulation modes with 


internal 1KHz modulation frequency. 
All function buttons have built-in LED status 


signalling. 

@ The PM5193 0.lmHz to 50MHz generator of- 
fers the same fine features as the PM5192 plus 
an extra 3 selectable waveforms (including 
3ns-Pulse and Haversine); programmable 
modulation frequency from 10Hz to 200KHz, 
and counted burst. 


@ Product credibility in technology, technique, 
quality and service also is assured because 
the PM5192 and PM5193 Synthesizer/Function 
Generators are backed by the corporate 
resources of one of the world's largest elec- 
tronics companies. 


PHiLIps| lest & 
Measurement 
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Test the difference and you'll also 
agree that Philips wins on price and 
performance! 


Write to: Philips I&E, T&M Department. 
Building HKF/55.5600 MD Eindhoven. 
The Netherlands: 040-78 28 08 
Germany: (0561) 50 14 86 
Great Britain: 0223-35 88 66 
France: 01-4830 11 11 
Belgium: 02-525 6692/525 6694 
Switzerland: 01-488 22 11 
Italy: 039-3635240/8/9 


PHILIPS 
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DESIGN IDEAS 


Design Entry Blank | 


$75 Cash Award for all entries selected by editors. 
An additional $100 Cash Award for winning design 
each issue, determined by vote of readers. Addition- 
al $1500 Cash Award for annual Grand Prize Design, 
selected among biweekly winners by vote of editors. 


To: Design Ideas Editor 
EDN 
Cahners Publishing Co 
275 Washington St, Newton, MA 02158 


| hereby submit my entry for 
EDN’s Design Ideas program. 


Name 


Title Phone 


Company 


Division (if any) 


Street 


City State Zip 
Design Title 


Home Address 


Social Security No 


Entry blank must accompany all entries. Design 
entered must be submitted exclusively to EDN, 
must be original with author(s), must not have been 
previously published (limited-distribution house 
organs excepted), and must have been constructed 
and tested. 

Exclusive publishing rights remain with Cahners 
Publishing Co unless entry is returned to author or 
editor gives written permission for publication else- 
where. 

In submitting my entry, | agree to abide by the 
rules of the Design Ideas Program. 


Signed 
Date 


Your vote determines this issue’s winner. All designs 
published win $75 cash. All issue winners receive an 
additional $100 and become eligible for the annual 
$1500 Grand Prize. 

Vote now, by circling the appropriate number on 
the reader inquiry card. 

Submit your own design, too. Mail entries to De- 
sign Ideas Editor, EDN, 275 Washington St, Newton, 
MA 02158. 


tial input must be zero. This is so if IC.’s inputs are 
equal, which implies equal voltage dividers: 


Simplifying this equation yields 


ee (3) 
ReRct+RgRp+RcRp 2° 

You can solve Eqs 2 and 3 simultaneously for the 
remaining unknowns Rg and Re. First, simplify Eq 2: 


me | pet poset RcRs) 
A=3( RcRp, 4) 
Next, rearrange Eq 3 as 

ReRc+RgRp=RcRp, (5) 


and substitute into Eq 4: 


A=3( Bobet RRe) _Rp 


2 Reha ee 
Therefore, 


_Rp 
Ra= 


is the second design equation. 
For the last design equation, solve Eq 5 for Rc: 


__ReRp 
Ko=R Re 

Fig 3 shows an example of a circuit using 6000 
resistive loads and a gain of 2. The signal at ICj,’s 
output measures only 2 to 3% of the signal-generator 
output. EDN 


To Vote For This Design, Circle No 750 
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OVER 99% OF THE TIME, 
YOUR FIRST PASS IS ALSO YOUR LAST. 
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No matter what the size or complexity 
of the circuit boards you design, Additive 
Surface Mount Circuits™ give your pro- 
duction department the capability to as- 
semble them easily, cost-effectively and 
with the highest first pass yield percent- 
age ever. This has been proved at first in- 
circuit testing stations along major as- 
sembly lines everywhere, in industries 
from automotive to office automation to 
industrial control, among others. Why do 
Additive SMC’s™ (Surface Mount Cir- 
cuits) assemble easier and give totally 
predictable results? The answer lies in 
SMC’s basic construction features: 

1. Near-flush surface provides trouble- 
free component mounting and solder- 
ing for all surface mount devices 

2. Hi-rel micro-vias (0.010” diameter 
min.) permit routing density well 
beyond conventional capabilities 

3. Uniform, permanent Solder Mask Over 
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Bare Copper simplifies glue/solder 
paste application 

4. Permanent dielectric used to define 
lines/spaces allows the highest den- 
sity circuitry available (down to 
0.003”) 

5. Accurately registered one-between (7 
mil lines) or two-between (4 mil lines) 
PLCC pad centers give the highest 
routing available while avoiding as- 
sembly problems 

6. Micro-socket™ soldermask eliminates 
pad to pad bridgin 


Ze 


ADDITIVE DIVISION 
KOLLMORGEN CORPORATION 
PO. Box 700 Aquebogue, NY 11931 


516-722-4100 Fax: 516-722-4154 


EVERY ADDITIVE PRODUCT 
IS A PLUS FOR YOU 
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Add to these features the ability to 
utilize the highest pitch plastic leaded 
chip carriers and you'll see why Additive 
SMC’s are quickly becoming the choice of 
design engineers and production man- 
agers for every application. 

Send for complete information on Sur. 
face Mount Circuits or other Additive 
products. 


Please send me detailed information on: 
(] SMT Surface Mount seminars in my 
[ region, sponsored by APD 
CL] PDF™ High Density Circuits 
| (] CPF™ Precious Metal Replacement™ 
Circuits 
[1 SMC™ Surface Mount Circuits™ 
| | ALC™ Add-A-Layer™ Multilayer 


| Circuits EDNO021987 
| NAME 
(Job Title) 

| COMPANY | 

ADDRESS : 

p COTY STATE ZIP _| 

© Copyright 1987 Additive Products Division, Kollmorgen Corp. 
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Total Integration. 
From Concept to Prototype. 


P-CAD's newest generation 
CAE/CAD design tools can take you 
all the way from concept to finished 
design on one system. That’s why it’s 
the Benchmark against which other 
design automation products are 
being judged. 


FIRST, COMPARE FUNCTION. 


P-CAD provides a true end-to- 
end PCB design solution. From inter- 
active schematic capture, through 
automatic component placement and 
routing of trace interconnections 
and beyond, to paper tapes for NC 
drilling machines. All the way from 
concept to prototype on a single, 
integrated system. 


NEXT, COMPARE PRICE. 


P-CAD’s modular PCB design 
software runs on a standard IBM 
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PC-XT, AT™ or compatible computer. 
SO you get the functionality of a high- 
priced workstation at a fraction of 
the cost. 


THEN, COMPARE OUR FEATURES 
WITH EVERYONE ELSE. 


Other CAE/CAD systems give 
you some of P-CAD’s features. Only 
P-CAD has them all. PLD and semi- 
custom IC design, in-circuit simula- 
tion, and comprehensive libraries are 
all available on a single P-CAD 
PC-based system. 


NOW, COMPARE COMPANIES. 


P-CAD’s customer commitment 
doesnt stop once your system is 
delivered. Our comprehensive prod- 
uct documentation, customer 
service hotline, on-site and localized 
training programs, active user’s group, 
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electronic bulletin board, quarterly 
newsletter, and 75-office worldwide 
network make us the benchmark in 
customer support. 

For more information, or a 
product demonstration, call P-CAD 
toll-free at (800 ) 628-8748 (in CA: 
(800 ) 523-5207; Internationally: (408) 
971-1300 ). Or write: Personal CAD 
Systems Inc., 1290 Parkmoor Ave., 
San Jose, CA 95126. TELEX 3717199. 
(P-CAD products also available for rent 
or lease from US Instrument Rentals. ) 

And put the benchmark to work 
for you. 


© 1986, Personal CAD Systems, Inc. IBM, PC, XT, and AT are 
registered trademarks of International Business Machines Corp. 
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COMPONENTS & POWER SUPPLIES 


BURN-IN SOCKET 


e Simple loading and unloading 
@ Contact made at the top and the 
sides of the leads 


Simple and quick loading of plastic 
leaded chip carriers (PLCCs) is a 
key feature of these 68-pin burn-in 
sockets. You accomplish a positive- 
contact load simply by pushing the 
PLCC device into the socket. An 
audible click signals reliable con- 
tact. A second push releases the 
device and automatically raises it 
above the socket edge to ease re- 


CONVERTERS 


@ 0.43-in. above-board profile 
@ 500V dc input-to-output isola- 
tion 


SA and SB Series isolated, low- 
profile de/de converters employ hy- 
brid technology and a 220-kHz 
switching frequency to achieve a 
10W/in® power density. The line of 
pe-board-mountable modules in- 
cludes single- and multiple-output 
models that operate from a 48V de 
nominal input and develop 5.1V/3A 
(SA) and 5.1V/4.5A, +12V/1A, and 
—12V/1A (SB) outputs. The SA and 
SB units come in 6-sided metal cases 
that measure 2X2x0.43 in. and 
3x3x0.43 in., respectively. The 
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moval. When the device is locked in 
place, the socket makes contact at 
both the top and the sides of the 
leads. Other productivity advan- 
tages include quick visual polariza- 
tion (because devices are tested 
right side up) and small size for 
increased board density. The socket 
has side and bottom vents that allow 
increased air flow around the de- 
vice. $12.44 (1000). 
3M, Dept EP86-06, Box 2963, 
Austin, TX 78769. Phone (512) 834- 
6563. 
Circle No 351 


converters feature 500V de input-to- 
output isolation, 75% typ efficiency, 
and a 2,000,000-hour MTBF. The 
converters are convection cooled to 
operate over 0 to 60°C, and any 
output will provide as much as 50% 
of the total output power. $69 to 


$125 (OEM qty). Delivery, eight to 
10 weeks ARO. 

International Power Sources 
Ine, 10 Cochituate St, Natick, MA 
01760. Phone (617) 651-1818. TWX 
510-100-3630. 
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DISPLAY MODULE 


@ Displays 40-character line 
@® Characters are 0.2-in. high 


Model 3601-84-040 is a single-line, 
A40-character, 5x7-dot-matrix dis- 
play. It measures 9.45 2.20.77 in. 
and features 0.2-in.-high characters. 
An onboard »P controller handles 
all sean, refresh, and data-I/O tasks, 
simplifying the interface to an 8-bit 
ASCII parallel-data bus. The mod- 
ule operates from 5V de and dis- 
plays the full 96-character ASCII 
set of upper- and lower-case letters, 
numbers, and symbols. The stand- 
ard display color is blue-green, but 
a variety of color filters are avail- 
able. $91 (100). 

IEE Inc, 7740 Lemona Ave, Van 
Nuys, CA 91409. Phone (818) 787- 
0311. TLX 4720556. 
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BACKUP BATTERIES 


e Primary batteries used with 
CMOS RAM for backup 

@ Below 37°C, batteries have a 20- 
year minimum shelf life 


The wPowerCell lithium-iodine bat- 
teries have a 2.8V output and are 
available in various capacities—1 
Ahr (B-1000), 600 mAhr (B-600), 
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Smarter Artwork 


Three years ago, Wintek engi- 
neers created smARTWORK to 
reduce the time and tedium of 
laying out their own printed-circuit 
boards. Thousands of engineers 


have since discovered the ease of 


use and sophistication that makes 
SMARTWORK the most popular 
PCB CAD software available. And 
thanks fo them, smARTWORK keeps 
getting better. 


SMARTWORK transforms 
your IBM PC into a PCB CAD system 


Interactive routing, continual 
design-rule checking, pad shav- 
ing, and production-quality 2X 
artwork have always been a part 
of smARTWORK. And now that 
many customer suggestions have 
become a part of the software, 
SMARTWORK is an even Bene: 
value. /hat’s why we : 
Offer it with a thirty- 
day money-back 
no-nonsense 
guarantee. 


Using an Epson or IBM dot-matrix 
printer, you can create 2X artwork and 
4X or 2X checkplots in a fraction of the 
time hand-taping requires 


SMARTWORK Keeps 
Getting Smarter 


New smARTWORK Features 


LI Silkscreen layer for component 
placement and identification 


LI Text capabilities for all three 
layers 


LI Selectable trace widths and 
pad shapes and sizes 


LI User-definable library 


L} Ground planes created with a 
single command 


LI Solder-mask and padmaster 
plots generated automatically 


LI Quick printer 2X checkplots 

LI Additional drivers for printers 

and plotters 

LI Optional drill-tape and 
Gerber photoplotter utilities 
L] AutoCAD® .DXF file output 
L] Completely uodated 

manual 


L} 800 number for free 
technical assistance 


2” by 4” section of a 10” by 16” double- 
sided board with silkscreen layer 


Current Versions 


HiWIRE 
smMARTWORK 


V4.0r0 
V41.2r6 


Camera-ready 
2X Grou from an HI or HP pen plotter 


The Smart Buy. Guaranteed. 


Still priced at $895, smARTWORK 
is proven, convenient, and fast. 
Our money-back guarantee lets 
you try smnARTWORK for 30 days 
at absolutely no risk. Call toll free 
(800) 742-6809 today and put 
SMARTWORK to work for you 
tomorrow. That's smart work. 


‘EES ee tee ene: 
System Requirements 


LI IBM PC, PC XT, or PC AT with 384K 
RAM, and DOS V2.0 or later 


U1 IBM Color/Graphics Adapter with 
RGB color or B&W monitor 

LI IBM Graphics Printer or Epson 
FX/MX/RxX-series printer, and/or 


LJ Houston Instrument DMP-4O, 41, 42, 
51,52, or Hewlett-Packard 7470, 
7475, 7550, 7580, 7585, 7586 pen 
plotter 


LI Optional Microsoft Mouse 
RR eee eee erence 


Wintek Corporation 

1801 South St. 

Lafayette, IN 47904 

Telephone: (800) 742-6809 

In Indiana: (317) 742-8428 
Telex: 70-9079 WINTEK CORP UD 


“smARTWORK”, “Wintek”, and the Wintek logo are registered trademarks of 
Wintek Corporation. “AutoCAD” is a registered trademark of Autodesk, Inc. 
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COMPONENTS & POWER SUPPLIES 


and 400 mAhr (B-400). The configu- 
ration creates a layer of lithium io- 
dine that acts as the electrolyte sep- 
arator between the anode and the 
cathode. This separator is self-heal- 
ing. The batteries have a 20-year- 
min shelf life at temperatures below 
37°C. At temperatures above 50°C, 
you can use a float charge to extend 
battery life. Their useful operating 
range is -55 to +125°C. The wave- 
solderable batteries are packaged in 
a hermetically sealed, stainless- 
steel case that is welded and insu- 
lated with glass compression seals 
around the negative lead. A cur- 
rent-limiting, high internal imped- 
ance eliminates the danger of explo- 
sion due to reverse current, short 
circuit, or other electrical malfunc- 
tions. $3 to $6. 

Catalyst Research Corp, 1421 
Clarksview Rd, Baltimore, MD 
21209. Phone (301) 296-7000. 
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REED RELAY 


e Flame-retardant epoxy body 
@ 2500V ac contact-to-coil dtelec- 
tric standoff rating 


The Model HE3351A SIP reed relay 
features a dielectric standoff of 
600V de across the contacts and 
2500V ac from the contacts to the 
coil. Housed in a flame-retardant 
molded epoxy case, the relay is sup- 
plied in Form 1A and is rated for 
10W, 300V de with a 0.5A max 
current-switching capability. Three 
coil voltages are standard—, 12, 
and 24V dc. Measuring only 
0.95x0.3xX0.3 in., the relay 1s com- 
patible with most automatic pce- 
board assembly and_ soldering 
equipment and is completely wash- 
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able. $1.07 (5000) for a 5V coil-volt- 
age model. 

Hamlin Inc, Lake & Grove Sts, 
Lake Mills, WI 53551. Phone (414) 
648-2361. 

Circle No 355 


soo ooo 
Petsis) 


KEYBOARD 


@ Works in harsh environments 
@ Features a 5-bit binary output 


Originally designed for use in the 
space-shuttle program, this key- 
board can operate in harsh environ- 
ments. It features a parallel 5-bit 
binary output. The electrical inter- 
face is through a 9-pin D-type con- 
nector on the rear of the housing. 
The pushbutton, momentary keys 
feature an enhanced tactile feed- 
back, with legends that are visible 
in any ambient lighting. Lamps for 
key illumination are field replace- 
able. An integral EMI-proof and 
splashproof gasket seals the key- 
board at the panel interface. Inter- 
nal seals make the keyboard splash- 
proof. A variety of custom electrical 
interfaces and custom key legends 
are available on special order. $950 
(100). Delivery, eight to 10 weeks 
ARO. 

IEE Inc, Planar Product Div, 
7740 Lemona Ave, Van Nuys, CA 
91409. Phone (818) 787-0311. 
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RESISTOR 


@ Available in miniature SOT23 
molded surface-mount package 
@ Standard tolerances of 1% 


The basic resistance element in the 
RSKMO023 precision resistor is a 
nickel-chromium thin film deposited 


REAL TIME 
HARDWARE 


PC-PAL” 
PROGRAMMER 


The simple, fast and inexpensive way 
to program PALs in your PC or AT. 
Works with virtually all 20 and 24 pin 
devices from MMI, Tl and NSC. In- 
cludes all the software needed to 
read, write and verify PALs. Works 
with JEDEC files and includes a 

MMI Standard AL 


12 MHz 
Accelerator 
PlusA 
Megabyte 
for DOS! 


PC Magazine Editor’s Choice 


FastCACHE-286" 

Runs the 80286 at 8.5 or 11 MHz 
and the 80287 at 5, 6 or 11 MHz. 
Includes 8 kbytes of 55ns CACHE. 
Compatible with more PCs than any 
other accelerator, including Leading 
Edge Model D, Compaaq, and Turbo 
motherboards. Includes 8088 Re- 
boot Switch, DCache and Diag- 
nosucs. From $449 


Real Time Software 


RTOS™ A multi-user, multi-tasking, 
Real-Time operating system. In- 
cludes a configured version of Intel’s 
iIRMX-86, LINK-86, LOC-86, LIB-86, 
OH-86 and MicroWay’s 87 DEBUG. 
Runs on the IBM-PC, XT, PC-AT and 
COMPAQ 


87SFL™ Very accurate and fast 
Scientific Function Libraries. 145 
functions: 34 Elementary functions, 
18 Probability and Statistical func- 
tions, 15 Random Number Genera- 


tors and many more. Callable from 
FORTRAN, Pascal, BASIC and C. 
First module 

Each additional unit 


DCACHE™ Disk caching software 
that speeds up your I/O by storing 
repetitively used tracks in memory. 
The amount of memory used can be 
selected in 64 kbyte banks. ... $49 


& 
Micro P.O. Box 79 . 
Kingston, Mass. 
Wa 02364 USA 
4 (617) 746-7341 
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MONOLITHIC 


Improved Performance At Industry’s Lowest Prices 


We've sold millions of hybrid 
versions of these 12-bit D/A 
converters since we invented 
them over a decade ago. Our new 
monolithics are pin-compatible 
with existing DAC80/85/87 
sockets, and they offer significant 
performance improvements— 
lower power dissipation, greater 
reliability, hermetic packaging— 
at very significant savings. 
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New DAC80/85/87 Features 

e 345mW power dissipation 

e 7.39 X 10°hrs. MT TF (@25°C) 

e TTL-, CMOS-compatible inputs 

e Settling time (+0.01%FSR): 
3uS (Vout), 300ns (lout) 

e +1/2LSB max nonlinearity and 
guaranteed monotonicity: 


O/-F70°C ....... DAC80, DAC80P 
~20/760 0 ............ DAC85H 
—So/r 125... DAC87H 


e 24-pin hermetic or molded 
plastic DIP 
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Evaluation Samples Ready Now 
Your sales representative is ready 
with your DAC80/85H/87H 
evaluation samples and data 
sheets. Call soon. 


Burr-Brown Corporation 
P.O. Box 11400, Tucson, AZ 85734 
602/746-1111. 


BURR -BROWN?® 


Improving Data Conversion 
Productivity 
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on a silicon microchip. Housed in a 
miniature SOT23 molded surface- 


mount package, it is available in 
values ranging from 2500 to 250 
kQ.. The resistance tolerance specs 
at 1% standard, and the tempera- 
ture coefficient of resistance equals 
25 ppm/°C max over the full military 
temperature range. Load-life stabil- 
ity at 125°C measures 750 ppm max. 
Additional specifications include a 
125-mW power rating, a —35-dB 
max noise rating, and a l-nsec max 
rise time. $1 (OEM qty). Delivery, 
stock to eight weeks ARO. 
Ultronix Inc, Box 1090, Grand 
Junction, CO 81502. Phone (303) 
242-0810. 
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SWITCHES 


e Rated to switch 250 mA 
@ Make-before-break action 


Series 4 digital joystick switches are 
0.85 in. square and have a behind- 
the-panel depth of 0.55 in. A cross- 
type contact system is suspended on 
a common terminal. Contact is made 
in one of four quadrants, depending 
on the direction of the actuating 
force. The contact action is a make- 
before-break action that allows the 
adjacent quadrant positions to con- 
tact the common terminal as the 
actuator is moved from one adjacent 
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position to the next. Although rated 
to make and break 250 mA at 115V 
ac, the switches work well at logic- 
level currents and voltages, accord- 
ing to the manufacturer. $4.25 (100). 
Grayhill Ine, Box 103738, La 
Grange, IL 60525. Phone (312) 354- 

1040. 
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DIP SWITCHES 


© Fully compatible with standard 
automatic-handling equipment 

@ Sealed to withstand automatic- 
solder and cleaning processes 


Machine-insertable DIP switches in 
the 51D Series are fully compatible 
with standard automatic-handling 
equipment. They are fully sealed to 
withstand automatic solder and 
cleaning processes. The switches 
are available in 2- through 10-posi- 
tion spst configurations. Contacts 
are gold over nickel to ensure low 
contact resistance, and they are 
rated to switch 5V/100 mA loads. 
Pins are spaced on 0.1-in. centers. 
The switch actuators are recessed 
to prevent accidental actuation. In- 
sulator and cover materials (glass- 
filled, flame-retardant thermoplas- 
tic) carry a 94V-0 UL rating. Sturdy 
0.02 x0.146-in. terminals eliminate 
automatic-insertion problems and 
ensure proper alignment. $0.72 
(5000) for an 8-position model. De- 
livery, stock to six weeks ARO. 
JAE Electronics Inc, 1901-A E 
Carnegie Ave, Santa Ana, CA 
92705. Phone (800) 523-7278; in CA 
and AK, (714) 250-8770. 
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SUPPRESSORS 


@ Housed in low-profile surface- 
mount packages 

® Operate over a —65 to +150°C 
range 


SMC Series transient voltage sup- 
pressors are housed in low-profile 
surface-mount packages. They fea- 
ture 1500W peak pulse-power dissi- 


REAL TIME 
DATA 
ACQUISITION 


For the IBM PC, XT 
and compatibles 


166,000 samples 
per second 


s Pseudo Random Noise 
Generator/DAC. For the IBM-PC, XT 
andAl.................... $1,295 

_ AFM-50” Programmable, low pass 
filter module for signal condition- 

$225 

TransVIEW™ A menu driven FFT 

spectrum/transfer analyzer which 

takes advantage of the special fea- 
tures of A2D-160. TransVIEW’s 
commands emulate Microsoft Word 
for easy learning and a minimum of 
KGYStTOKES.................-- $250 


Data Analysis & 


Controls Software 


DAL” Data Analysis Language. A 
new scientific/engineering design 
and analysis software package. Per- 
forms matrix, statistical and data 
analysis along with signal process- 
ing and digital filter design... $395 


CONTROL-X™ Controls Analysis 
& Design Language. This systems 
language is a superset of DAL spect 
fically intended for Systems Control 
Design. It offers the same features 
as VAX Controls language at 1/20 
Wace Drie) 2.2. os Loe $595 


S7FFT™ Written in assembly 
language, 87FFT performs forward 
and inverse FFTs on real and con 
plex arrays occupying up to 512K of 
RAM. Callable from most 8087 com- 
patible compilers. The fastest PC 
FFT package available! ...... $200 
87FFT-2” For two dimensional 
ae ee ee $100 
LABTECH NOTEBOOK” A 
menu driven, Real-Time data control 
system. Does analysis, display and 
streaming to disk of data from A/D 
Weands (sie eadi oes fh oe aes $745 
UNKELSCOPE™ Turns your 
A2D-160 into a digital oscilloscope 
and data-logger.............- $549 


s 
Micro P.O. Box 79 
Kingston, Mass. 
WN 02364 USA 
ay (617) 746-7341 
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DS is a match for any fast changing climate. 


With Ins gate delays and system speeds 
to 10OOMHz, the new Ferranti ‘DS’ range of 
ULAs* handles rapidly changing data under 
the most demanding conditions. 

The ‘DS’ ULAs specifically provide a low 
power ASIC solution for systems with speed 
requirements to IOOMHz and complexities to 
10,000 gates, using a 1.5 micron double metal 
bipolar structure. 

An order of magnitude improvement in 
speed-power product is achieved by utilizing 
‘Differential Logic,’ a radical approach to 
logic function design. 

The ‘DS’ Series is supported by the 
powerful ULACAD software, using macros, 
autolayout and dynamic simulation based on 
silicon compilers to enable you to fully 
design your own chip. 

Maximum system integration, 
combining high speed digital, high 
performance interfacing and linear 


3. 
Yiehiy International Addresses: 


functions, is achieved on the same chip. 
Features include:- 
(| gate delays virtually independent of fan- 
out, supply voltage and clock frequency. 
O15ns flip-flop clock-to-output delay 
|] average gate power lOOQUW at GOMHz 
[]48mA output drivers on every I/O cell 
O = output delays driving high capacitance 
oads 
() digital, YO and linear macros 
It all adds up to one of the most advanced 
high-speed low-power ASIC product ranges 
you'll find under the sun. 


IC Marketing 

Ferranti Electronics Limited 

Fields New Road Chadderton 
Oldham OL9 8NP England 

Telephone: 061-624 0515 Telex: 668038 
Fax 061-626 4946 


CZ) Ferranti GmbH, West Germany, Munich, Tel: (089)-3609-06-0 O Ferranti Electronics Benelux , Antwerp, 
OC Ferranti Electronics Sweden, Stockholm, ‘Tel: (08)-52 07 20 O Ferranti Computer Systems (Australia) Pt 
C Ferranti Wheelock Microelectronics, Aberdeen , Hong Kong, 
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“ULA is a registered Trade Mark of Ferranti plc for semiconductor devices. **ULACAD is a Trade Mark of Ferranti ple. 
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FERRANTI 


Semiconductors 


Tel: (0)-3/542..62.73 
y Limited, Revesby, Tel: (02)-708 6655 
Tel: (5)-538298-9 0 Ferranti Interdesign Inc. USA, California, Tel: (408)-438-2900. 
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pation for a 1-msec pulse, and a 
threshold response time of 1x10™™ 
sec. Reverse-current leakage specs 
at 5 wA, and the operating and 
storage temperature are both —65 
to +150°C. The units are available 
with breakdown voltages ranging 
from 5 to 220V. Two lead configura- 
tions are available: gull-wing and J. 
The units are compatible with pick- 
and-place equipment. They are 
packaged for shipment to meet EIA 
spec RS-481 and enclosed in 16-mm 
carrier tape. $1.07 (5000). 

General Semiconductor Indus- 
tries Inc, Box 3078, Tempe, AZ 
85281. Phone (602) 968-3101. 

Circle No 360 


POWER TRANSISTORS 


@ Spec a 25A collector current 
@ Switch 500V at 50A inductive 
loads with no degradation 


The 2N6924 and 2N6925 npn switch- 
ing transistors offer a 35-nsec cross- 
over time, guaranteed switching 
performance at 100°C, and Vcro 
specs of 400 and 450V, respectively. 
The continuous collector current 
specs at 835A. The typical Vcxsar 1S 
just 0.8V at 25A and 100°C. Both 
units will switch 500V/50A induc- 
tive loads with no degradation in 
performance. When the units are 
switching interactive loads at 25A 
and 25°C, the typical rise time 
equals 20 nsec, and the fall time 
equals 15 nsec. The devices operate 
over —65 to +200°C. 2N6924, 
$17.50; 2N6925, $19.50 (100). 
General Semiconductor Indus- 
tries Inc, Box 3078, Tempe, AZ 
85281. Phone (602) 968-3101. TWX 
910-950-1942. 
Circle No 361 
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POWER RESISTORS 


@ Achieve stability of 3% per 1000 
hours at rated power 

@ Ave available in noninductively 
wound versions 


PM Series precision power resistors 
offer power-dissipation ratings of 
3.5, 5.5, 8, 10, and 11W, and they 
achieve long-term stability of 3% 
per 1000 hours at rated power. They 
specify a TC of better than 50 
ppm/°C. A silicone molding provides 
insulation for the resistors’ bodies. 
The devices are available in ohmic 
ranges from 0.051 to 10, 27, 68, 100, 
and 100,0000, with corresponding 
voltage ratings of 100, 160, 200, 500, 
and 750V. Standard tolerances are 
+5, +2, and +1%; you can order 
resistors with a +0.5% tolerance. 
For a restricted range of ohmic val- 
ues, you can also specify that the 
resistors be noninductively wound. 
Approximately £0.21 (1000). 

CGS Resistance Company Ltd, 
Marsh Lane, Lymington, Hants 
S041 9YQ, UK. Phone (0590) 75255. 
TLX 47691. 

Circle No 362 


ENCODERS 


@ Accuracy of one part in 3600 
@ Accommodate harsh environ- 
ments 


DDS90-10 scalable differential en- 
coders provide the absolute differ- 
ence between two rotating shafts 
with accuracies of one part in 3600. 


REAL TIME 
SERVICE 


For five years, MicroWay has been 
the leader in 8087 support and ac- 
celerator board technology. People 
continue to buy our products for two 
reasons: one, they work and two, we 
support our products with one of the 


best technical support teams in the 
industry. Join those who know! Buy 
your 8087 support from MicroWay. 


An adjustable 
oscillator lets you 
increase your AT’s 
- 80286 speed in.5 MHz increments. 
Includes a 10 or 12 MHz 80287 
clock and a system reset button. 


Board Only... ........2.:....- $149 
With 60297-10............-- $549 
With 80287-12 ...........6.8. $629 
Optional 80286-10 .......... $175 


8087 Upgrades 


5 MHz 


8087 


8087-2 8 MHz $149 
80287-3 5 MHz $179 
80287-6 6 MHz $199 
80287-8 8 MHz $259 
80287-10 10 MHz $395 
NEC V20-8 8 MHz $16 
NEC V30-10 10 MHz $30 
64K RAM set 150 ns $10 
256K RAM set 150 ns $27 
256K RAM set 120 ns 


128K RAM set PC AT 


8087 Software 


87 BASIC™ A patch to the IBM 
Basic or MS QuickBASIC compiler 
that provides fast, USER TRANS- 
PARENT 8087 support...... $150 


MATRIXPAK™ A run-time pack 
age written in assembly language 
which accurately manipulates large 
matrices at very fast speeds. In- 
cludes matrix inversion and the solur 
tion of simultaneous linear equa- 
tions. Callable from RM, IBM or MS 
FORTRAN, MS Assembler = or 
OT RAI ee a aes $99 


87 Verify” For users that have to 
be absolutely sure of their results! 
This background task periodically 
performs an 8087 accuracy and 
stress 1eSb 3.6 ea $49 


a 
Micro P.O. Box 79 
Kingston, Mass. 
A] 02364 USA 
ay (617) 746-7341 
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They are well suited for harsh envi- 
ronments and can convert any two 
shaft inputs to BCD or binary infor- 
mation. In addition, 3-, 4-, or 5- 
digit, 0.5-in. LED displays read out 
the angle. The encoders employ a 
resolver for the shaft transducer. 
An offset adjustment allows you to 
set the zero point, and a variety of 
output scale factors, including 
pounds, feet, and meters, are avail- 
able. Data outputs are TTL compat- 
ible. Data-transfer and data-hold 
lines simplify the interface to a com- 
puter. The basic update rate is 2.5 
msec. Operation spans 0 to 70°C or 
—55 to +85°C. NEMA 12, water- 
proof, and explosion-proof transduc- 


er housings are optional. $595/axis. 
Computer Conversions Corp, 6 
Dunton Ct, East Northport, NY 
11731. Phone (516) 261-3300. TWX 

510-226-0448. 
Circle No 363 


CAPACITORS 


® Carry 94V-0 UL rating 
@ Dissipation factor is 0.05% 


The CMPP Series of capacitors is 
constructed of a zince-metallized 
polypropylene dielectric that’s both 
self-healing and nonpolar. The ca- 
pacitors feature a glass-fiber-rein- 
forced box-type plastic case that is 
flame retardant to UL spec 94V-0. 
The typical dissipation factor is 
0.05% at 60 Hz. Capacitance values 
range from 0.4 to 34 pF, with volt- 
age ratings of 220, 250, 440 and 
5900V ac. Standard tolerances are 
+10% (K), +6% (Y), +10%/—5% 


(U), and +20%/-—5% (W). For a 
o-wF', +10%, 250V ac unit, $1.20 
(10,000). Delivery, eight to 10 weeks 
ARO. 

American Shizuki Corp, 21541 
Blythe St, Canoga Park, CA 91304. 
Phone (818) 710-8555. TLX 662633. 

Circle No 364 


DC/DC CONVERTERS 


@ Provide input to output isolation 
of 500V 

® Calculated MTBF is more than 
270 years 


Scarab pc-board-mountable, _iso- 
lated de/de converters include 15, 
25, and 30W versions operating 
from 24 or 48V de inputs. The 15W 
versions, which are single-output 
converters, provide a 5.1, 12, or 15V 
output. The 25W versions (triple- 
output converters) provide +5.1V 
and —5.1V outputs and either +12, 
+15, or +12V outputs. The 30W 


OUR N 
el 


Ferrantis new ZNIOI1IQ SCSI chi 
Because it can drive up to 8 SCS 
_ reduces board sizes and lowers costs...and because the ZN 
grounded drivers for the 18 bus lines—which guarantees n 
instances, interference is completely eliminated. 
There's more. The ZN1011Q eliminates the need for external drivers, functions froma 
Single main CPU port and assures universal host / 
Other features include: ¢ Conforms to current ANSI and ANSC draft proposals * Com- 
patible with all popular microprocessors and DMA controllers Programmable as initi- 
ator and/or target * On-chip SCSI receivers and 48mA open collector buffer drivers 
¢ Automatic SCSI handshake control * Standard SCSI connec 
¢ Arbitration delays defined by external clock (4 to 6MHz or 8 


TERI 


Sales Headquarters located in: 

U.S.A., Commack, NY, 516-543-0200; U.K., Manchester, 061-624 0515; 
W. Germany, Munich, 089-236 8040: Australia, Alexandria (02) 698 
Sweden, Stockholm, 08-52 07 20: Belgium, Antwerp, (0) 3 /542.62.7 
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peripheral plug compatability. 


tor compatible pinout © 
to 12MHz). , 


W NOISE AREL cst cP 
NGA LOT OF NOISE. gee 


p is already making a lot of noise with design engineers. - 
I devices plus 2 sets of terminators...because it 2 
1011Q includes individually- 
oise immunity. In most 


The new force in ASICs 


The unique force in ASICs isASiC, 
headquartered in The Netherlands with 
offices in London, Paris and Munich. 


A unique force! Bringing ASIC 
technology to the service of 
European systems houses. 


Application-Specific ICs offer 
systems houses cost and reliability 
gains. But most houses lack either 
design expertise or the organisation 
for a back-end operation involving 
hundreds of individual steps 
between design and silicon. 


Which is where 
ASiC - Advanced 
Silicon Corporation - 
comes in. A full- service 


onto silicon. Giving you economy 
and speed. From spec to silicon - 
and beyond! 


With both in-house and 
contracted facilities, ASiC offers 
processes in CMOS and 
NMOS, single and 
double-layer metal, 
with geometries from 
3 microns downward. 
Our advanced silicon 
compilation software needs 
just a touch of a key to change 
processes. Adapting your systems 


company, ASiC has all the know-how _ to advancing VLSI technology. 


and ability to put your systems 
EDN February 19, 1987 


Right into the next century. 
CIRCLE NO 126 


Advanced Silicon Corporation (ASiC) 
Villa ”Waalheuvel” Rijksstraatweg 24 
6574 AD Ubbergen ey 
The Netherlands 

Tel: 31(0)80 228212 

Telex: 48592 asic nl 

Telefax: 31(0)80 241585 
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versions are available as either sin- 


Case 10 gle-output converters providing 5.1, 
600 to 1800 Watts 12, or 15V, or as dual-output con- 
5"y¥8"x141" verters providing +12 or +15V. All 


25 and 30W converters feature a 
remote-shutdown input. Converters 
with nominal 24V inputs operate 
over a 19 to 35V input voltage 
range; 48V versions operate over a 
30 to 63V input voltage range. Com- 
bined input and output regulation 
over the full operating-temperature 
range amounts to +2% for the main 
output, +3% for fully regulated sec- 
ondary outputs, and +7 to —19% for 
semiregulated secondary outputs. 
From £40 (1000). 

STC Components Ltd, Power 
Sources Div, Edinburgh Way, Har- 
low, Essex CM20 2DE, UK. Phone 
(0279) 26811. TLX 818746. 

Circle No 365 


N+1 Redundancy 
AC and DC Inputs 


For 5x8x11 “slot” switching power 
supplies from 600 to 1800 Watts, 
the Qualidyne Case 10 is all you 
need to know. MTBF of 50,000 
hours. Single or multiple (up to 5) 
fully regulated outputs from 2 to 48 
VDC. Precision paralleling for N+1 
redundancy. AC and DC input volt- 
ages. Safety listings from UL, CSA 
and TUV. Compliance with IEC 
380 & VDE 0806. FCC 20780 
Class A filtering. Nothing fancy, 
just reliable slot power— period. 


THE SWITCHER FIT FOR YOUR NEEDS 


Qualidyne 


QUALIDYNE SYSTEMS, INC. 
3055 Del Sol Boulevard, San Diego, CA 92154 (619) 575-1100 Telex: 709029 FAX: 619 429 1011 


(800) 445-0425 In Calif. (800) 237-6885 
CIRCLE NO 127 


POWER SUPPLIES 


@ User-selectable input sections 
have EMI filters 

© Soft start and current limiting 
for circuit protection 


Enclosed in a 6X 4.25 1.45-in. pack- 
age, convection-cooled LPS Series 
switching power supplies feature 
100W output ratings. To achieve 
this power rating, the supplies em- 
ploy an 80-kHz MOSFET converter 
that has been designed to meet 
VDEO0806, UL478, and CSA22.2 
safety specs. Input sections have 
onboard EMI filters and accommo- 
date either 110 or 220V (user pro- 
grammable). Standard features in- 


TOUGH, SMART, QUICK, COOL. 


CMOS PC-BUS COMPUTER 
SYSTEMS AND COMPONENTS 


Six slot card cage size 5.4”’ X 6.8” X 5.7” 
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TOUGH — All CMOS design for QUICK — Our 8 MHz CPU card is 2 


wide temperature range and high 
noise immunity. All of our PC-BUS 
cards are the same size for secure 
four-sided support in card cage. 


SMART — PC/XT compatibility 
gives you access to the widest 
software base of any bus system. 


to 3 times faster than a PC/XT. 


COOL — System power consump- 
tion can be as low as 1 watt, 
eliminating the need for fans or filters 
and their maintenance problems. 


If you need a tough little PC-BUS computer for a smart instrument 
or controller application, stay cool. A quick call to MESA is all it takes. 


J'les 


(415) 547-0837 


[=) ELECTRONICS 


1329-D 61st Street, Emeryville, California 94608 
CIRCLE NO 128 


clude soft start and current limiting 
for circuit protection. The units 
have a 20-msec holdup time and 
+0.5% total regulation on 5, 12, 15, 
and 24V outputs. A 2-stage output 
filter limits output ripple and noise 
to 1% p-p. Single-output units, 
$97.50 (100). 

Integrated Power Designs Inc, 9 
Princess Rd, Suite C, Lawrence- 
ville, NJ 08648. Phone (609) 896- 
A Uy a 
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ASE/F SLIDE SWITCHES 

The ASE/F slide switches are available in one, 
two, four or six pole versions. There are two 
standard types: ASF- Dip package with flush 
actuators allows auto insertion on standard IC 
equipment. Standard tape seal and closed case 
construction provide process seal. ASE - 
extended actuator open ended case allows 
washout after process cleaning. Industry 
standard .100 x .300 pin spacing. The new 
surface mount switches are designed specifically 
to withstand the elevated temperatures 
generated by vapor phase reflow or wave 
soldering processes. Termination options 
include PC or surface mount "L" pad and 
reverse "L" terminals. Call today for applications 
help or request your FREE catalog. (617) 685- 
4371. ALCOSWITCH 1551 Osgood Street, 
North Andover MA 01845. 


KEYLOCK SWITCHES 

ALCOSWITCH offers attractive and functional 
keylock switches in low, medium and high 
security types. Rotary selector, logic level (0.4 
VA), and power (6A up to 600 volt) models are 
available. Programmed output using up to 31 
keys, round or rectangular bezels, 2,3 or 10 
position, maintained or momentary, single or 
multipole with U.L./CSA approval. Call today for 
applications help or request your FREE catalog. 
(617) 685-4371. ALCOSWITCH, 1551 Osgood 
Street, North Andover MA 01845. 
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AUTO INSERTABLE SWITCHES 


Alcoswitch has the first auto-insertable/surface 
mount (process compatible) switches on the 
market today. Their construction allows them 
to be emersion cleaned in either aqueous or 
solvent processes and they can withstand 
vapor phase reflow and wave soldering 
techniques. The ASE/F Series is a Dip 
package slide switch available with one, two, 
four or six pole versions. The AD Series are 2 
through 10 position dip switches with flush, 
extended or piano style actuators. These Dips 
are also available with built-in thick film resistor 
networks (AR Series) or diode network either 
cathode or anode common (AA/C or RR 
Series). Call today for applications help or 
request your FREE catalog. (617)685-4371. 
ALCOSWITCH, 1551 Osgood Street, North 
Andover MA 01845. 


Celeb 
Panel Show. 


Turn any front panel 
into a showstopper. 


Good reasons to switch: 
1. Machined aluminum, 
molded phenolic, 
or thermoplastic knobs. 
. Broadest selection. 
. Highest quality. 
. Large inventory. 
. As low as 30 cents each. 
. Only 500 piece 
minimum on 
custom aluminums. 


For a catalog, applications help, free product samples, 

or a quotation, call or write ALCOSWITCH, 1551 Osgood 
Street, North Andover, MA 01845, (617) 685-4371. 
TWX: (710)342-0552. FAX: (617) 686-9545. 


ALCOSWITCH: 


Quality and Innovation 
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YOU BETTER POWER YOUR 
ELECTRONICS WITH MAINS VOLTAGE 


And taking Melcher Chopper Power Supplies is the 
ee ee Cees way to get there. 


a ee & _ a= The most important reasons: 

a ce @ Input: any value from 90 through 264 VAC 
en —— & or from 88 through 372 VDC 
% @1 to 3 outputs: 5/12/15/24 VDC 
@ Output power: 42 through 50 W 
@ |/O isolation: 4kV rms 

@ Same mechanical dimensions as DC/DC converters 

of same family! 

@ UL-Approval: E 101962 (M) 
| @ VDE-Approval: pending 


RFl-shielded and self cooling metal cases. 
Many interesting features and options. 


Ask for detailed LM information. 
SUPPLYING GREAT PERFORMANCE: 


CH-8610 Uster, Switzerland 
B4 Ackerstrasse 56, Tel. 01-941 37 37 
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A Designer’s Guide to: 


CMOS ICs 


As featured in EDN Magazine 


Mail coupon to: CMOS IC reprints — EDN Magazine 


Cahners Building EDN021987 
275 Washington Street NAME 
Newton, MA 02158-1630 i 
Please send______ copies of A Designer’s Guide to Se a ee Se ee RE PER SE ee a we 
CMOS ICs (92 pages) 


COMPANY S227 ee 
LJ $6.95 UPS (CH) $10.95 non USA (BANK DRAFT ONLY) 


Check or money order made out to EDN REPRINTS ADDRESS 
must accompany each order. No COD. Mass. 

residents add 5% sales tax. CITY STATE ZIP 
Please print clearly. This is your mailing label. 
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EDN REPRINTS» 


A Designer’s Guide to: 


CMOS ICs 


As featured in EDN Magazine 


A Designer's Guide 
to CMOS ICs 


CMOS is fast becoming the chosen 
technology for developing integrated 
circuits. That's because CMOS ICs 
are able to implement ultra-complex 
system-level functions on a chip! 
Now you can meet the special 
challenges posed by this new breed 
of ICs with A Designer's Guide to 
CMOS ICs. You'll learn the advanced 
design and fabrication techniques 
required. Plus the latest linear and 
digital CMOS ICs available. 


Mail coupon to: 


EDN Reprints 

EDN Magazine 

Cahners Building 

275 Washington Street 
Newton, MA 02158-1630 


A Designer's Guide to: 
Semicustom | 
Integrated Circuits 


A Designer’s Guide 
to Semicustom 
Integrated Circuits 


Learn how to design a semicustom 
IC with A Designers Guide to Semicustom 
Integrated Circuits. Based on EDN’s 
own design experience, this nine- 
chapter booklet outlines the com- 
plete procedure used to design, 
fabricate, and test EDN 1, a chip 
with a 1200 equivalent-gate com- 
plexity. You'll not only learn the 
steps to take when creating ICs, but 
also the designicost analyses and 
vendor-interface methods that lead 
to successful semicustom chips. 


Innovative — 
Linear Circuits 


As featured in EDN Magazine Jim 


Williams 


A Designer’s Guide 
to Innovative Linear 


Circuits 


As exciting as digital technology is, 
you still need analog circuitry to 
operate on signals from real-world 
sources. Now, EDN is offering a 
wealth of analog design informa. 
tion in A Designer's Guide to Innova- 
tive Linear Circuits. This 186-page 
collection of articles was developed 
by Jim Williams, one of Americas 
foremost linear-circuit designers. It 
includes practical and efficient ways 
to use op amps, comparators, data 
converters, and other analog ICs, 
and discusses the theories behind 
all the design techniques presented. 


Please print clearly. This is your mailing label. 


NAME ee 


Please send the following Designer’s Guide(s): 


____copies of A Designer’s Guide to CMOS ICs 
O $ 6.95 UPS UO $10.95 non USA 


(BANK DRAFT ONLY) 


____copies of A Designer’s Guide to Semicustom Integrated Circuits 
L1$ 6.95 UPS UO $10.95 non USA 


(BANK DRAFT ONLY) 


ADDRESS 


____copies of A Designer’s Guide to Innovative Linear Circuits 


0 $14.95 UPS UO $19.95 non USA 


(BANK DRAFT ONLY) 


CITY 


Check or money order made out to EDN REPRINTS must accompany each 


order. No COD. Mass. residents add 5% sales tax. 


EDN February 19, 1987 
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NEW PRODUCTS 


COMPUTERS & PERIPHERALS 


TERMINALS 


® Compatible with DEC VT220 
units 

@ Feature black characters on a 
white background 


Foresight Edition alphanumeric and 
graphics terminals offer black char- 
acters on an overscanned, reverse- 
video, soft-white background. The 


Foresight 4520 emulates the DEC 
VT220; the 4525 is a VT220-compat- 
ible terminal that can be upgraded 
to include Tektronix 4010/4014 and 
Regis graphics capability. The 4560 
combines DEC VT220 emulation 
with Tektronix 4010/4014 graphics 
compatibility. Each of the terminals 
provides 500 sean lines, instead of 
the 240 commonly found in VT220- 
compatible terminals. The Fore- 
sight models use a 20X20-dot char- 
acter cell in which characters are 
formed from a 15X18-dot matrix. 
The terminals also feature multiple 
pages of screen memory, user-pro- 
grammable compose and function 
keys, and alternate keyboards. 
4520, $695; 4525, $795; 4560, $1295. 
Micro-Term Inc, 512 Rudder Rd, 
St Louis, MO 63026. Phone (314) 

043-6515. TWX 910-760-1662. 
Circle No 368 


OPTICAL-DISK UNIT 


@ Offers as much as 40G bytes of 
random-access storage 
@ Multiplatter disk carrier 


The Optical-Disk Storage and Re- 
trieval Unit (ODSR) provides as 
much as 40G bytes of random-access 
storage on read-only optical drives. 
It can incorporate one or two Laser- 
Drive 1250 WORM drives and a 16- 
or 20-crypt tower for the manufac- 
turer’s LaserDrive media. The 
ODSR uses several interfaces. The 
LaserDrive 1250 works with a SCSI 
or ISI (intelligent systems inter- 
face) bus. An RS-232C interface 
acts as the control interface, which 
you use to send all motion com- 
mands to the ODSR. The Laser- 
drive 1250 also performs data-I/O 
functions on the drive interface, 
leaving the RS-232C port free to 


Text continued on pg 235 


SMALL REDUCTION. 


THINK 


makes 16K and 32K 
PROMS that are 20% faster 
than anyone else’s? 


(See page 182) 
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The TRW Type CMM motors and gearmotors. For appli- 
cations that require small size, reliability and high torque. 
Capable of up to | oz. in. maximum continuous torque. Avail- 
able in 20 speed/voltage combinations. Coupled with the 
CMM planetary geartrain, units are available in 83 standard 
speed reduction ratios from 4:1 to 46,656:1 with maximum 
continuous torque from 5.1 to 1250 oz. in. 

For more information, circle reader service card or see your 
TRW distributor. Or contact TRW Motors, Dayton, OH 
45404. 513.228.3171. 
© TRW Inc. 1986 Distributed by Hall-Mark, Hamilton/Avnet, Jaco, and Pioneer. 
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Put yourself on the 
right track with CAD 


Computer-aided design. 
Until recently, it con- 
jured up images of 
massive, room-sized 
computers and engi- 
neers in white lab coats. 
But a few years 
ago, AutoCAD® changed 
all that. With a soft- 
ware package that 
turned the per- 
sonal computer 
on your desk 


into an easy-to-use elec- 


tronic drawing board. 
For everything from 
PC boards to shopping 
centers. Tooling to top- 
ographical plans. 
Technical illustra- 
tions. Facilities A 
layouts. da 
Even #4-6-4 
Hudson 
model railroad trains. 
Now AutoCAD is even better. 
Introducing AutoCAD 2.5 


Of course, the newest version of 
AutoCAD still has all the features that 
made the original the industry standard. 
Accuracy, Power, and Versatility. 

But now, there are improvements all 
down the line. 

For example, AutoCAD performs most 
PAN and ZOOM operations five to ten 
times faster than the previous version. So 
design and redesign are faster than ever. 

There is also a wealth of new com- 
mands for creating ellipses, doughnuts, 
and polygons. And new editing commands 
that let you STRETCH, TRIM, EXTEND, 
ROTATE, SCALE, and EXPLODE objects. 

The result? A powerful electronic 
drawing tool that lets you concentrate on 
the drawing, and not on the electronics. 


Feel Comfortable at the Controls 


Never used a computer before? 
AutoCAD’s easy-to-use menus guide you 
from action to action. You can even create 
your own menus. And use an on-line 
“HELP” command if you get stuck. 


Drawings Courtesy of Little Engines, Inc. 
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SOS 


Save hours of drafting time. 
Draw frequently used diagrams just once 
and re-enter where needed. 


What if you have second thoughts, or 
make a mistake? AutoCAD’s new, sweeping 
UNDO capability lets you erase what 
you've done—so you have total freedom to 
draw and experiment. 

There are also enhanced customiza- 
tion features. Support for over 30 different 
microcomputers (as well as several 32-bit 
UNIX-based systems). Even support for the 
new IGES standard, to let you easily and 
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accurately translate drawings between 
AutoCAD and most other CAD systems. 

All of which combine to make the new 
AutoCAD fit more neatly and comfortably 
than ever into the way you’re used to 
working. 

How to Get on Board 

For a demonstration of AutoCAD 2.5, 
or any of our other products, call or write 
us for the name of the dealer nearest you. 

Call us too if you want the location and 
telephone number of your nearest 
AutoCAD Authorized Training Center. 

We'll make sure you get headed down 
the right track. 


AUTOCAD" 


AUTODESK, INC. 
2320 MARINSHIP WAY 
SAUSALITO, CA 94965 

(800) 445-5415 
TELEX 275946 ACAD UD 
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50336 or 6802C 


on VMEbus. 
We give you 
the choice. 


You make the 
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best decision. 


~~ 8 ee 


ay. 


a 
‘en 
$3345 2.722 35% - agg 
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VMEbus has always provided performance, reliability and quality. Now add flexi- 
bility from Force. 


Upgrade the performance of your software 


Bring 32 bit 80386 power to your existing software. Or upgrade your 68000 
designs to 25 MHz speeds. Both with no-wait-states. You now have the choice 
between the two most powerful 32 bit micros on the industry leading VMEbus. 
Check the best product for your application. 


Force 32 bit CPU Availability 
ee CPU-20 CPU-21 CPU-24 CPU-25 | CPU-386A | CPU-386B 


Processor 68020* 68020* 68020* 68020* 80386* 80386* 


Available 12.5/16.7/ | 12.5/16.7/- | 12.5/16.7/ |: 12:5/16.97/ 1212/06/20 12/16/20 
frequencies 20/25 20/25 20 


Number of 
wait states 


FPU 
MMU 

Memory 
Capacity 
EPROM 
Capacity 


Serial I/O 
channels 


0 1 0 (1 at 20 MHz) 


no no 


yes 


yes yes yes 


0.5to 
4 MB SRAM 


0.5to 
4 MB SRAM 


2 to 
8 MB DRAM 


Choices, Tools and Support 


Force as the largest independent VMEbus supplier in the world gives you choices 
and tools including development systems, comprehensive design literature, 
50 hardware products, 20 software products, in-plant seminars and prompt 
support. Industry leading quality levels are assured through functional and in- 
circuit testing and a 48 hour operating burn-in on all products. 


Flexibility, Performance, Quality and Support from Force. Today with 1300 cus- 
tomers in 30 countries, Force is your best choice in VME. 


“len: jm Free! Call 1-800-BEST VME 

(or 1-800 237—8862 in California) for our 
new 380 page VME data book and for rapid 
applications support. 


*68020 is a trademark of MOTOROLA, Inc. 
80386 is a trademark of Intel Corp. 
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FORCE COMPUTERS, INC, Los Gatos, CA 95030, Phone (408) 354-3410 
Midwest: Ann Arbor, MI 48108, Phone (313) 769-0840 
Southeast: Roswell, GA 30076, Phone (404) 642-9647 


FORCE COMPUTERS GMBH, 8012 Ottobrunn, Phone (089) 600910 
FORCE COMPUTERS FRANCE, 92100 Boulogne, Phone (1) 46203737 
FORCE COMPUTERS (UK) LTD, Wendover, Phone (0296) 625456 


MPUTERS 


Bond delicate leads __ 
fast and reliably. 
No more off-line curing 
to hold up assembly. 


Coat and cure in 2 minutes, 
not hours. The only UV coating 


that meets MIL-I-46058C 
for long-term durability. 


Unitize on-line 
in 20 seconds. No drilling, 
no precoating, no heating. 
Hum-free performance. 


BOND, SEAL, COAT 
AT THE SPEED OF LIGHT. 


Loctite UV Systems. Loctite has the widest 
selection of UV products and dispensing and 
curing equipment in the business. For most 
volumes and applications, we offer an off-the-shelf 
solution. For unique applications, our custom- 
design team is ready to engineer the cost-effective 
system that’s just right for your needs. 

Free cost/benefit analysis. Loctite UV 
products and equipment will cut costs throughout 
your assembly. And improve quality. And boost 
output. Make us prove it. Call Loctite’s Electronic Division at 203-246-1223 and we'll shed some light. 


LOCTITE 


© 1986 Loctite Corporation, Newington, CT 06111. Loctite Canada, Inc., Mississauga, Ontario L4W 2S3. Loctite is a registered trademark of Loctite Corporation. 


CIRCLE NO 135 


Pot on-line in 30 seconds. Seal tight in seconds. Save time and money 
Eliminate curing ovens, Withstands extreme vibration with 3-second adhesives. 
drying racks—create and temperature cycling. Eliminate hot melt, 
production space. tape, and epoxy hassles. 
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receive cartridge-transport com- 
mands concurrently. The ODSR in- 
cludes a built-in power supply, dual 
buffers for queued operation, an I/O 
station for externally loading and 
unloading cartridges, self-diagnos- 
tics, and error-detection and -cor- 
rection capabilities. $17,000 (OEM 
qty). 

Laser Magnetic Storage Inter- 
national, 4425 ArrowsWest Dr, 
Colorado Springs, CO 80907. Phone 
(803) 593-4269. 
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SCANNER 


@ Image scanner works with 
IBM/PC and compatibles 

® Converts hard-copy vmages to 
bit-image data 


The Image Scanner Option Kit for 
Epson’s EX-800, EX-1000, and LQ- 
2500 dot-matrix printers works 
with IBM PCs and compatibles 


NEWSERIERS 20°: 


DSP Board Fits 


| Agrees 


equipped with the EGA (Enhanced 
Graphics Adapter), CGA (Color 
Graphics Adapter), or Hercules dis- 
play adapters. The scanner converts 
hard-copy images such as photo- 
graphs, logos, maps, clip art, and 
other textual or graphical docu- 
ments into bit-image data. Using 
the Inset software package, you can 
manipulate and integrate the im- 
ages with word-processing and 
spreadsheet packages. The kit in- 
cludes the scanner mechanism, an 
identity cartridge, a diskette con- 
taining the company’s scanner utili- 


j 


ty and Inset software, and a user’s 
manual. When used with the LQ- 
2500 printer, the scanner offers a 
resolution of 180180 dpi; when 
used with the EX Series printers, it 
offers 144x144-dpi resolution. $300. 
Epson America, Computer Prod- 
ucts Div, 2780 Lomita Blvd, Tor- 
rance, CA 90505. Phone (800) 421- 

5426; in CA, (213) 539-9140. 
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FIR-FILTER DESIGN 


@ Uses one slot in IBM PC 
@ Menu-driven software for devel- 
opment included 


The EVK-128 filter-design system 
is a development tool for FIR (finite 
impulse response) filters. It occu- 
pies one slot in an IBM PC or com- 
patible computer. The menu-driven 
interface includes coefficient calcu- 
lations, time and frequency calcula- 
tions, and plotting capabilities, as 


Who makes LED llluminators 


Data Display Products has the newest answer to plug- 
compatible replacement of incandescents. Our multi-chip LED 
illuminators provide more than 4 times the light output of the 
previously best available single chip LEDs. What's more, they 
have an average lifetime in excess of 10 years. 


Make the brilliant choice. Find out more about these power- 
ful additions to our high-efficiency LED product line. Call Data 
Display. TOLL-FREE (800) 421-6815. Within California, call 
(213) 640-0442. Free catalog. 


Power MOSF 


Boo: T Makers — | DATA 
penn s al Specs | DISPLAY 
PRODUCTS 


301 Coral Circle, El Segundo, CA 90245 
(213) 640-0442 TELEX 664-690 


INTERNATIONAL REPS; Argentina YEL SRL, PH: 54146 2211, TLX: 390 18605 » Australia 
Ampec, PH: 02 7122466, TLX: 790 27136 AMPEC « Belgium /Holland Klaasing Elc, PH: 
01620 81600, TLX: 844 54598 KLBDNL + Denmark Radio Parts, PH: 01333311, TLX: 855 
19613 RPARTDK-+ France A Jahnichen, PH: 387 59 09, TLX: 842290714 « Israel R.C.MQ. 
Computers, PH: 03 485192, TLX: 922 342471 IL» Italy Microdata, PH: 0187 988182, TLX: 
8432 71353 + South Africa Liberty Elec., PH: 52 7637/8/9, TLX: 960 429435 SA+ Spain 
Betatron, PH: 6932421, TLX: 831 23911 PCOE + United Kingdom Marl Int'l, PH: 0229 


HOT 
PRODUCTS, TECHNOLOGY, 
AND CAREERS 
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52430, TLX: 85165100 MARLG » West Germany /Austria Kuhn Gmbh, PH: 06235 5662, 
TLX: 841 464766 KUHND 
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Who has 10,000 
icon solutions 


on file? 


The General. 


Who will paint 
standard or modified 
linear IC’s purple, form 
the leads to your spec, 
test them any way you 

wish, build them 
in a QPL plant to 
883B, Rev. C and 
- Class S, package 
~~ Nl ~~ them in SOIC, LCC, 
YX ; ~ and PLCC packages? 
Who will use hybrid tech- 
nology, screen to cus- 
tomer specifications, or 
modify an existing design? 
~ The General will. That’s who. 
More than 10,000 customer 
specific products including voltage regulators, 
pulse width modulators, protection circuits, 
operational amplifiers, core memory interface 
circuits, power drivers, power output stages, and 
transistor arrays have been built for our customers. 
We have built them to meet the most exacting 
needs and criteria. We test them to military 
or commercial temperature requirements. 


Customer Specific Parts Are Half Our Business. 
From special labeling to full custom linear, 
you can depend on us to meet your exact needs. 


We'll work with you all the way. And we'll work 
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fast. Look to us for full custom IC's for automotive, 
motor control, power supply and military appli- 
cations. Look to us for integrated power, high 
speed logic, and fast accurate linear circuits. 
They're the heart of our custom design and fabri- 
cation capabilities. Packages include DIPs to 40 
pins, TO-3, 39, 66, 96, 99, 100, 101, 220, flatpack, 
PLCC, Toe and SOIC. 


Ask For Our Capabilities Brochure. 

Silicon General 
engineers work 
with you to care- 
fully define a cus- 
tom specification. 
You can get the 
ball rolling by 
writing for a copy 
of Capabilities 
Brochure. Please 
write Silicon General, 11861 Western Ave., 
Garden Grove, CA 92641. Phone (714) 898-8121. 
TWX 910- 596-1804. FAX (714) 893-2570. 


SILILON 
GENERAL 
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A Sampling of Silicon General Specials. 
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well as prompts for controlling the 
board’s different modes of opera- 
tion. You can configure the filters as 
0- to 128-tap filters. The throughput 
of a filter is a function of the filter’s 
length; the filters’ processing rate is 
80 nsec/tap. The board’s core chip 
set consists of an ICL7115 A/D, 
which operates as fast as 25 kHz; a 
29C128 FIR-filter controller; a 
29C510 16-bit multiplier/accumula- 
tor; and an ICL7121 DAC. I/O takes 
place through edge-mounted con- 
nectors. You can bypass A/D and 
D/A converters on the board so that 
you can filter digital data from an- 


other source or store filtered data in 
digital form on disk. $799. 

Intersil Inc, 10600 Ridgeview Ct, 
Cupertino, CA 95014. Phone (408) 
996-5679. TWX 910-338-0171. 

Circle No 371 


INFRARED PRINTER 


@ Handheld printer uses 4 AA al- 
kaline batteries 
@ Uses 2.5-in. thermal paper 


The HP 82240A infrared printer 
provides a wireless interface by 
using an infrared LED that oper- 
ates at a 940-nm wavelength. You 
can place the printer as far away as 
18 in. and within a 60° arc from the 
sending unit. The printer has a 200- 
byte print buffer that holds eight 
24-character lines. Its controls in- 
clude a power switch, which auto- 
matically advances the paper by one 
line when the printer is turned on; a 
switch that advances the paper 


when the printer is not printing; 
and a slide control that adjusts the 
print darkness. The printer’s 8-dot 
print head provides 166 dot-col- 
umns, which are sufficient for 24 
columns of 5-dot-wide characters 
and 2 spaces between each charac- 
ter. The paper advances by eight 
dot rows after each line, making 
continuous graphic printing possi- 
ble. The printer measures 
3.6X7.3 2.5 in.; with batteries and 
a full roll of paper, it weighs 1 lb. 
The batteries provide enough power 


NATIONAL HEADQUARTERS 


BOARD LEVEL PRODUCTS 
*IBM PC BUS 


NONVOLATILE RAM DISK BOARDS 


SMART COMMUNICATION BOARDS 


from $523 


from $453 


Who's LED sockets are 


with wire leads & b 


Data Display Products is your best answer for heavy-duty 


uilt-in res 


*MULTIBUS 


CPU BOARDS from $711 
STATIC RAM BOARDS | from $371 
from $176 


SBX EXP. BOARDS 
EPROM EXP. BOARDS. from $176 


VMEBUS 


LED sockets. 

Our industry leading PS200W series allows a selection of 
operating voltages. Its flexible wire leads are a standard 6-inch 
length, 16 to 24 AWG gauges, or special orders available. 
They're a versatile design or replacement product that should 
rate first on your list. 

Make the brilliant choice. Call Data Display, the world leader 


in high-efficiency LED panel lamps. TOLL-FREE (800) 421-6815. 


STATIC RAM BOARDS _ from $431 Within California, call (213) 640-0442. 

*Q-BUS 
STATIC RAM BOARDS from $300 DATA 
*IBM is a trademark of IBM Inc.; MULTIBUS is a DISPL AY 
trademark of Intel Corp.; Q-BUS is a trademark of PR ODU CTs 


Digital Equipment Corp. 


cca 


Diversified CALL ror TECHNICAL 
INFORMATION AND CAT 

Technology "";-300-443-CMOS 

5500 OAKBROOK PKWY ., SUITE 210 ® NORCROSS, GA 30093 


WE ALSO DESIGN, DEVELOP AND MANUFACTURE 
SPECIAL CMOS BOARDS OR PRODUCTS 


301 Coral Circle, El Segundo, CA 90245 
(213) 640-0442 TELEX 664-690 


INTERNATIONAL REPS: Argentina YEL SRL, PH: 54146 2211, TLX: 390 18605 + Australia 
Ampec, PH: 02 7122466, TLX: 790 27136 AMPEC « Belgium /Holland Kiaasing Elc, PH: 
01620 81600, TLX: 844 54598 KLBDNL + Denmark Radio Parts, PH: 01333311, TLX: 855 
19613 RPARTDK « France A Jahnichen, PH: 387 59 09, TLX: 842290714 « Israel R.C.M. 
Computers, PH: 03 485192, TLX: 922 342471 IL + Italy Microdata, PH: 0187 988182, TLX: 
8432 71353 » South Africa Liberty Elec. , PH: 52 7637/8/9, TLX: 960 429435 SA+ Spain 
Betatron, PH: 6932421, TLX: 831 23911 PCOE + United Kingdom Marl Int'l, PH: 0229 
52430, TLX: 85165100 MARLG « West Germany /Austria Kuhn Gmbh, PH: 06235 5662, 
TLX: 841 464766 KUHND 
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Don't miss the SCSI bus. 


ae line of compatible SCSI data 
storage products will help you drive your 
system to its full performance potential. 


If you want cartridge tape drives, optical 
disk drives, 514-inch, 8-inch, and 10!2-inch 
Winchester drives — or any combination 
thereof — on your SCSI bus, you'll never miss 
with Fujitsu America. 

Our SCSI storage systems and products 
can keep up with the most sophisticated 
multi-host, multi-tasking SCSI-based system 
you can design. You can take full advantage 
of the extended performance features of 
SCSI — with products that set performance 
standards of their own. 

Our Intelligent Disk Controller (IDC) 
can be configured with up to four drives on 
a single node, for a storage capacity that 
can exceed 2.7 Gigabytes. Choose our 8-inch, 
337 and 690 MB drives or our 1042-inch 
Eagle XP. 689 MB drives. The SCSI IDC offers 
either single-ended or differential drivers 
and Common Command Set support for easy 
integration into any SCSI environment. 

For 54-inch drives, our 172 MB drive, 
with its embedded SCSI controller, offers you 
large capacity and high performance in a 
compact package. 

And Fujitsu's SCSI family also meets 
your need for cost-effective back-up devices. 
Our 130 MB, '2-inch cartridge tape drive or 
our new 600 MB, 54-inch optical disk drive 
provide unique solutions to meet your SCSI 
requirements. 

If you'd like to put your SCSI system into 
high gear — stop! And find out more about 
Fujitsu's compatible data storage products. 
Call (408) 946-8777. Or write Fujitsu America, 
Inc., Storage Products Division, 3055 Orchard 
Drive, San Jose, CA 95134-2017. 

Put Fujitsu drives on your SCSI bus. 

And give superior system performance the 
green light. 


WE'RE DEVELOPING TECHNOLOGY FOR YOU. 


FUJITSU AMERICA 


Storage Products Division 
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to print approximately 6000 lines. 
$135. 

Hewlett-Packard Co, 1820 Em- 
barcadero Rd, Palo Alto, CA 94303. 
Phone local office. 
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HARD-DISK DRIVE 


@ Dual hard-disk drive provides 
320M bytes of storage for PC/AT 
@ Access time is under 30 msec 


The AT160F 160M- or 320M-byte 
internal hard-disk drive subsystem 
for the IBM PC/AT and compatibles 
is also available in a single-drive 
half-capacity version. The ATI60AF 
is supplied in a kit that includes 
Maxtor’s XT2190 28-msec, full- 
height 5.25-in. drive; a ROM BIOS 
chip set from Award Software (Los 
Gatos, CA); and Speedstor hard- 
disk integration software from 
Hexis Designs (Los Gatos). The 
ROM BIOS is supplied in two 128k- 
byte chips that you install in exist- 


ing sockets on the PC/AT’s mother 
board. You can use the entire capac- 
ity of one disk as a single logical unit 
or partition the 320M bytes into 
eight logical units of varying sizes. 
Model AT160F-2C, the 320M-byte 
system, comes with 2 drives, the 
Speedstor software, a controller, 
and the BIOS. The AT160F-1 comes 


with one drive, the Speedstor soft- 


ware, and the BIOS. AT160F-1, 
$5795; ATI60F-2C, $9995. 

Storage Dimensions, 14127 
Capri Dr, Los Gatos, CA 95030. 
Phone (408) 370-3304. 
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SINGLE-BOARD PC 


e STD Bus-based single-board 
computer 

® Combines IBM PC DOS opera- 
tion with STD Bus products 


The STD DOS V50 single-board PC 
DOS system uses the NEC V50 pP 


and conforms to the STD-8088 speci- 
fication. Two options, the Auto- 
switch EGA Video Graphics Con- 
troller (ZT 8844) and a multifunction 
disk controller (ZT 8850), give the 
system enough IBM PC compatibili- 
ty to run the two most popular PC- 
compatibility benchmarks: Lotus 
1-2-3 and Microsoft’s Flight Simula- 
tor. The card includes the NEC V50 
wP, 512k bytes of dynamic RAM, 
sockets for 256k bytes of PROM, 
capacity for 64k bytes of battery- 
backed static RAM, a real-time 
clock, an RS-232C and an RS-422 
port, and power-fail-protection cir- 


Dielectric Epoxy 
Encapsulation 


High 

» Component 

Density 

arayhill 

SSRfeatures: _ 

= Demonstrated 100,000 hours 
MTBF (test data to date) 

# AQL of 0.065% 

= Excellent transient protection 

® High blocking voltage 
components 

= High surge current capacity 

= Logic circuit compatibility 

= Low EMI and RFI generation 

= inductive load switching 


minimum space 


capability 
= Excellent shock and vibration 
immunity 


Gay hill 
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prices, contact 


TWX: 910-683-1850 


” Thermal Output Design 


® High dielectric voltage rating 
# Maximum load current; 


# 100% final testing 

= SIP or Mini-Puck package styles 

= DC-DC models available 

= Competitive pricing 

Available off-the-shelf from Grayhill or 
your local Grayhill distributor. For FREE 
literature, including specifications and 


561 Hillgrove Avenue, P.O. Box 10373 
LaGrange, Illinois 60525-0373 USA 
Phone: (312) 354-1040 TLX: 6871375 


Which LED cluster illuminators are 


| 
Data Display Products provides the answer you've been 


a= : 


looking for. The first LED illuminators actually brighter than 
equivalent incandescent lamps. 

The MX400 series is totally plug compatible and allows 
operation at selectable voltages. Available with normal or wide 
angle configurations. In 4 colors (red, amber, yellow and green). 

Make the brilliant choice. Call Data Display. TOLL-FREE 


(800) 421-6815. Within California, call (213) 640-0442. 
DATA 
DISPLAY 
PRODUCTS 
(213) 640-0442 Telex 664-690 


INTERNATIONAL REPS: Argentina YEL SRL, PH: 541 46 2211, TLX: 390 18605 - Australia 
Ampec, PH: 02 7122466, TLX: 790 27136 AMPEC - Belgium /Holland Klaasing Elc, PH: 
01620 81600, TLX: 844 54598 KLBDNL « Denmark Radio Parts, PH: 01333311, TLX: 855 
19613 RPARTDK- France A Jahnichen, PH: 387 59 09, TLX: 842290714 - Israel R.C.M. 


Computers, PH: 03 485192, TLX: 922 342471 IL + Italy Microdata, PH: 0187 988182, TLX: 


FAX: (312) 354-2820 


Free catalog. 
301 Coral Circle, El Segundo, CA 90245 


8432 71353 - South Africa Liberty Elec., PH: 52 7637/8/9, TLX: 960 429435 SA Spain 
Betatron, PH: 6932421, TLX: 831 23911 PCOE + United Kingdom Marl int'l, PH: 0229 
52430, TLX: 851 65100 MARLG « West Germany /Austria Kuhn Gmbh, PH: 06235 5662, 
TLX: 841 464766 KUHND 
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cuitry. The operating system is es- 
sentially IBM PC DOS 3.2, except 
that it has enhancements that make 
it more suitable for STD Bus-based 
automation applications. The PC- 
assisted development system, con- 
sisting of the vendor’s ZT 8816 sin- 
gle-board computer, ZT 8863 
system enclosure, cables, and docu- 
mentation, costs $2700; the stand- 


alone development system, includ- 
ing a disk drive and user console, is 
$4500. The target system, including 
a ZT 8816 single-board computer, 
an STD DOS BIOS, and documenta- 
tion, is $1200. 

Ziatech Corp, 3433 Roberto Ct, 
San Luis Obispo, CA 93401. Phone 
(805) 541-0488. 
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Pro-Log Buyers 


It’s Your Choice... 


VersaLogic 
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TERMINALS 


®@ Handheld terminal features a 
touch-panel interface 

®@ Options include printer and bar- 
code reader 


The EHT Series handheld terminals 
feature touch-panel displays that 
eliminate the need for overlays be- 
cause the graphics are program- 
mable. You can program the touch 
panels to display icons or alphanu- 
merics for your application by using 
a host computer or a smart-card 
interface. The EHT-11 has a PC- 
compatible V-20 16-bit pP, 128k 
bytes of RAM, an 84x154-dot dis- 
play, an RS-232C port, and a 1200- 
bps modem. The EHT-10 uses the 
Z80 as its processor and comes with 
64k bytes (expandable to 256k 
bytes) of RAM. Each terminal 
comes with a removable 24-column, 
impact dot-matrix printer, a real- 
time clock, a buzzer, a smart-card 
reader, an ac adapter and battery 
charger, a bar-code interface, and 
an RS-232C interface. Each termi- 
nal also comes equipped with an 
external on/off switch, a reset but- 
ton, and a display-contrast knob. 
The power supply for each terminal 
consists of a rechargeable main bat- 
tery and a backup battery. $600. 
Epson America, OEM Products 
Div, 23600 Telo Ave, Torrance, CA 
90505. Phone (213) 534-4500. 
Circle No 375 


CPU CARD 


@ Includes a 68020 ~P and a 
68881 math coprocessor 
® Operates on the G96 Bus 


The GESMPU-20 is a single- 
Eurocard, 32-bit CPU board for the 
G96 Bus. Based around a 12- or 
16-MHz 68020 uP, the board pro- 
vides you with a virtual-machine 
environment and an addressing 
range of 32M bytes. Onboard fea- 
tures include a 68881 math coproces- 
sor for floating-point arithmetic, 
256k or 512k bytes of static RAM, 
and four 32-pin sockets that you can 
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KONTRON 
ELECTRONICS 
GROUP 


KONTRON IP2 


_ the portable 


MS-DOS computer or industry 


174 KONTRON 
EAN MESSTECHNIK 


CALL FOR YOUR NEAREST REPRESENTATIVE 


In The United States In Europe 

KONTRON ELECTRONICS INC. KONTRON MESSTECHNIK GMBH 
630 Clyde Avenué Oskar-von-Miller-Str. 1 

Mountain View, Ca. 94039-7230 8057 ECHING/W. Germany 
Phone: (415) 965-7020 Phone: (081 65) 77-0 

FAX: (415) 965-3505 - TWX: 910-378-5207 Telex: 526719 

Toll free number: 800-227-8834 Telefax: (081 65) 77-512 ‘ae 


| CIRCLE NO 193 


Down with dust! 


This is particularly meaningful for computers in industry. 
The dust, vibration and temperature of a production environ- 
ment are just too much for a “commercial computer” 


The Kontron IP286 is something different again: 
This computer doesn’t need to be handled with kid gloves. 

The carefully thought-out design offers such facilities as 
temperature-controlled cooling fans, temperature 

monitoring, quick-change filters, voltage monitoring, Mae Tre 
vibration damping, metallic casing and integral a 
storage compartment for cables and manuals. 
All this adds up to reliable operation even 
under the most unfavourable environmental 
conditions. 


The special high-efficiency Kontron IP286 
hardware and MS-DOS operating system 
support all popular standard software. 


ae 
Fz 


ws 
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COMPUTERS 
& PERIPHERALS 


load with a total of 512k bytes of 
EPROM. For EPROM access, one 
wait state is sufficient; RAM access 
involves zero wait states. $995. 
Sample quantities are available 
now; production quantities will be 
available in March. 

Gespac sa, 3 chemin des Aulx, 
1228 Plan-les-Ouates/Geneva, 
Switzerland. Phone (022) 713400. 
TLX 429989. 

Circle No 376 

Gespac Inc, 100 W Hoover Ave, 
Suite 11, Mesa, AZ 85202. Phone 
(602) 962-5559. 

Circle No 377 


-BOARD COMPUTER 


@ Operates as a 68008-based mas- 


ter or slave CPU 
@ Handles 8 STE Bus lines and 14 


onboard interrupt sources 


The Celeste/008, a single-Eurocard 
board for the STE Bus, conforms to 
the IEEE P1000/D3.1 bus specifica- 
tion. Based around a 68008 wP, the 
board is capable of carrying 192k 
bytes of memory configured in two 
64k-byte EPROM sockets and two 
32k-byte CMOS RAM sockets. Two 
3-state RS-423/485 ports provide 
RTS/CTS handshaking capability 
and independently programmable 
baud rates from 50 to 38.4k baud. 
Alternatively, you can operate the 


serial ports at rates to 1M bps by 
using an internal or external clock 


source. Independent FIFO buffers 
on each channel reduce CPU over- 
head during communications. In ad- 
dition, the board has two 8-bit paral- 
lel. VO . ports’ ~with> four 
handshaking/control lines, a bat- 
tery-backed real-time clock/calen- 
dar, and 16- and 24-bit program- 
mable timers. Approximately £400. 
Control Universal Ltd, 137 Dit- 
ton Walk, Cambridge CB5 8QF, 
UK. Phone (0223) 244448. TLX 

995801. 
Circle No 378 
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HOW GOOD ARE YOUR 
BOARD GAMES? 


You'll recognise the importance ofa reliable, cost effective 
component source. For over ten years TDS Circuits has 
built a powerful reputation as the problem-solver in fast 
turnround complex multilayer pcb production. Now 

that rare ability is extended by investment in one 

of the world’s most advanced integrated plant for 
production of multilayer boards. 


Only a handful of independent sources can 
match our profile to meet your precise needs. 
Increased capability and capacity make 

TDS Circuits the number one choice as the 
reliable international source for high quality, 
cost effective multilayer manufacture, for any 
batch quantity, including prototypes, witha 
fast turmround capability. So make a call to 
TDS Circuits the next move in your gameplan. 


FACE-TO-FACE 


We’ll meet you anywhere in the world. 
Or welcome you to our Bnitish plant. Call us 
now, to fix that all important first meeting. 


INTERNATIONALLY APPROVED:— 


British Standard 
BS9761 BS9762 BS9763 


Underwriters Laboratory 
(USA) UL E72693(M) 


US MIL - P - 55110 
British Telecom D2398C 


Cost Effective 
Printed Wiring 


Gifewits 


TDS CIRCUITS PLC 


Please contact Susan Green, 
Customer Services Department (EDN), 
TDS CIRCUITS PLC 

Whitebirk Estate, Blackburn, 
Lancashire, England BB] 5TD 
Telephone: + 44 (0)254 661321 

FAX: + 44 (0)254 583373 Telex: 635523 


TDS CIRCUITS INC 

Sunset/Vine Tower, Suite 1126, 

6290 Sunset Boulevard, Los Angeles, CA 90028. 

Telephone: (213) 463 5170 FAX: (213) 463 4319 Telex: 910 321 2903 
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Our little magnetic latching TO-5 
relay simply never forgets. Once it’s 
set with a short pulse of coil voltage, 
Teledyne's Maglatch TO-5 will retain 
its state until reset. Even if system 
power fails or is shut off. 

Because holding power is not 
required, the Maglatch TO-5 uses 
less energy than any other relay you 
can buy. This makes it ideal for any 


situation where power drain is critical. 


And its tiny footprint makes it ideal 


for high density printed circuit boards. 


For RF switching applications, the 
Maglatch’s low intercontact capaci- 
tance and contact circuit losses pro- 
vide high isolation and low insertion 
loss up through UHE 

The Maglatch TO-5 is available 
in SPDT and DPDT styles. And it 
comes in commercial/industrial 
versions as well as military versions 
qualified to “L’ “M/’ and “P” levels 
of MIL-R-39016. 

Teledyne is an industry leader. 

We have been for over twenty years. 


We've used our technical and manu- 
facturing know-how to create the 
world’s best subminiature electro- 
mechanical and solid state relays. 

If you'd like complete technical 
information about our Maglatch 
TO-5 relay, or applications assistance, 
please call or write today. Were here 
to help you. 


TELEDYNE RELAYS 


lessee In Switching Technology 


12525 Daphne Ave., Hawthorne, California 90250 * (213) 777-0077 
European Hatrs: Abraham Lincoln Strasse 38-42, 6200 Wiesbaden, W. Germany * 06121-768 
Belgium Sales Office: 181 Chaussee de la Hulpe, 1170 Brussels * (2) 673-99-88 
U.K. Sales Office: Heathrow House, Bath Rd., Cranford, Hounslow, Middlesex, TW5 9QP * 1-897-2501 
Japan Sales Office: Taikoh No. 3 Building, 2-10-7 Shibuya, Shibuya-Ku, Tokyo, 150 Japan ¢ (3) 797-6956 
France Sales Office: 85-87 Rue Anatole-France, 92300 Levallois-Perret e 1-7587160 
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NEW PRODUCIS 


POWER OP AMP 


@ Unity-gain stable 
@ 260W output capability 


The OPA501/883B is a +10A, unity- 
gain-stable op amp that meets the 
requirements of MIL-STD-883, 
method 5008, level B. The quiescent 
power level is 0.2W; peak output 
capability is 260W. The amplifier 
has output-current limiting and a 
fully specified safe operating area. 


INTEGRATED CIRCUITS 


This hybrid is packaged in an 8-pin, 
hermetic TO-3 can that allows direct 
mounting without an insulating 
washer or spacer. Prices for the 
premium V grade, specified for the 
military temperature range, start at 
$88 (100); for the U grade, specified 
for the industrial or military ranges, 
from $77.25 (100). 

Burr-Brown Corp, Box 11400, 
Tucson, AZ 85734. Phone (602) 746- 
1111. TWX 910-952-1111. 

Circle No 367 


BAR-GRAPH ADC 


@ Drives a multiplexed LCD 
@ Consumes 1.8 mW typ 


Model ICL7182 is an A/D converter 
that not only directly drives a multi- 
plexed LCD but also requires only 
three external components to drive 


a 101-segment bar graph. The mon- 
olithic, silicon-gate CMOS device 
consumes 1.8 mW typ. Analog and 
reference inputs are fully differen- 
tial (the chip includes a 2.56V band- 
gap reference). Guaranteed specs 
include less than 0.5% error for non- 
linearity and zero offset at a 1V 
full-scale input. The full-scale differ- 
ential input range is 200 mV to 
1.1V. The part comes in a 40-pin 
DIP. $8.95 (100). 

GE/Intersil, 10600 Ridgeview Ct, 
Cupertino, CA 95014. Phone (408) 
996-5000. TWX 910-838-0171. 

Circle No 379 


QUICK CONNECT POWER 


TRANSFORMERS 


Competitively : 
Priced 


AW 


Recognized 
Component 
Underwriters 
Labs Inc. 


Tauber and Panasonic. 
For Selection and 


Service. 


When you need batteries, call Tauber. You'll 
have a wide selection of Panasonic 
batteries to choose from. And you'll get 


immediate off-the-shelf delivery. With our 


flexible value-added design and production 


S345 ¥ 
del 50/60 H 
2 : 2 . 
4 =05 2 DP 
Pi ifs 
<)>-o?7 
Pi it 
zie 
108 se O8 10% 10 


TOP QUALITY AT COMPETITIVE PRICES 


In stock 
48 hour 
delivery 


4-07-6. 7.8 
115/230V 
160 Hz 


: Made 
F in U.S.A. 


it 
= 


Capabilities, you can get custom packs built 
to your exact specifications. At Tauber 
Electronics, you'll be assured of responsive, 
personal attention. 


2500-volt Hipots in a variety of practical sizes. Design 
provides improved insulation and high signal isola- 
tion. Either single 115 or dual 115/230V primary with 
various secondary voltages. Ask about our full line of 


Call today and learn more. 


Panasonic. 


transformer types and styles. 


Toll free: 


1-800-MCI-TRAN 


TAUBERSLECTRONICSwe 


Custom designs available. 


MCI 
Transformer 
Corporation 


4901 Morena Blvd., ste. 314 

San Diego, CA 92117 619/274-7242 
FAX 619/274-2220; LA 213/416-9000 
OC 714/667-0177; N. CA 408/737-9408 


411 Manhattan Avenue, Babylon, NY 11704 @ 516-587-0510 
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The Data Key Family | 


...E7-PROM 
with Brains and Brawn 


Tough, reliable read/write memory 
molded into the shape of a key. That's 
what you'll get from our entire line of 
rugged, portable Data Keys. Now avail- 
able with more memories and more guts 
than ever before. 

The convenient, key-shaped design 
and durable, static-resistant exterior 
make our nonvolatile memory keys an 
ideal way to store, back-up and transfer 
data. Without unnecessary keystrokes. 
Or errors. 

What's more, they're easy to carry. 
And they'll retain your data—even when 
exposed to dirt, moisture, chemicals, 
static and other hazards. 

To meet your application needs, we 
now offer both parallel and serial Data 
Keys with a variety of speeds, capacities 
and interface features. And, if you have 
special requirements, ask about our 
custom packaging. Whatever your appli- 
cation, we can provide a Data Key with 
the brains and brawn to meet your needs. 

For more information, call us today 


800/328-8828 


Datakey, Inc. 
12281 Nicollet Ave. 
Burnsville, MN 55337 
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DSP CHIPS 


®@ Achieve throughput to 5M flops 
@ ALU does IEEE divide and 
square-root operations 


The ADSP-3211 floating-point mul- 
tiplier achieves throughput to 20M 
flops and 5M flops for single- and 
double-precision operations, respec- 
tively; the ADSP-3221 floating- 
point arithmetic-logic unit (ALU) in- 
corporates new instructions for 
IEEE divide and square-root opera- 
tions. Each has a lower-cost, 10M- 
flops, single-precision version: the 
ADSP-3201 multiplier and ADSP- 
3202 ALU. All four products use 
1.5-um CMOS technology and come 
in 144-pin grid arrays. The ADSP- 
3211, for example, has two 32-bit 
input ports and one 32-bit output 
port, and it performs single-preci- 
sion, floating-point multiplication 
with a latency of 140 nsec. Parts are 
specified for operation over the com- 
mercial and military temperature 
ranges. ADSP-3201 and ADSP- 
3202, from $97; ADSP-3211 and 
ADSP-3221, from $300 (100). 
Analog Devices Inc, Literature 
Center, 70 Shawmut Rd, Canton, 
MA 02021. Phone (617) 461-3672. 
Circle No 380 


MULTIPLEXERS 


@ Protected against overvoltage 
® Guarantee on-resistance 
matching 


The HI-546 family of 32 analog mul- 
tiplexers specs 70V p-p overvoltage 
protection and guarantees on-resist- 


ance matching between any two dif- 
ferential or single-ended inputs. Pin 
and function compatible with the 
manufacturer’s HI-506A Series, 
this family of multiplexers features 
2-wA max I/O leakage in the pres- 
ence of input signals as high as 66V 
p-p. Model HI-546 has 16 single 
channels; the HI-547 is a dual, 8- 
channel multiplexer. Packaging op- 
tions include 28-pin plastic or ceram- 
ic DIPs, 28-pin hermetic LCCs, and 
PLCCs. The multiplexers are avail- 
able to operate in the commercial, 
industrial, and military tempera- 
ture ranges; DESC-drawing and 
MIL-screened devices are available. 
Two smaller units, the 8-single- 
channel HI-548 and the dual 4-chan- 
nel HI-549, come in 16-pin plastic or 
ceramic DIPs or in 20-pin LCCs or 
PLCCs. Prices range from $7.90 to 
$84.75 (100). 

Harris Corp, Semiconductor Sec- 
tor, Box 888, Melbourne, FL 32901. 
Phone (805) 727-9100. 

Circle No 381 


MODEM IC 


®@ /ncludes independent transmit 
and receive sections 

® Suits battery-powered radio ap- 
plications 


The FX419, a full-duplex FSK 
modem, meets the requirements of 
cellular- and trunked-radio specifi- 
cations. Mark and space frequencies 
are 1200 and 1800 Hz, respectively; 
phase-continuous frequency transi- 
tions take place at zero-crossover 
points. The modem includes circuit- 
ry for received carrier detection and 
receiver clock recovery. Transmit 
and receive sections operate inde- 
pendently. One 1.008-MHz external 
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the track 
and hold that *. 
meets its specs’. 

in your flash AS 
AID system. \ 


The CLC940 Flash-Track™ track and hold amplifier 
lets you combine high speed with high accuracy in 
your flash A/D system. 

This ultra-high-speed track and hold doesn’t sacri- 
fice total performance for one or two good switching 
specs. It faithfully delivers great specs across the 
board. Guaranteed. 

You get hold-to-track acquisition times of 10ns (to 
1.0%) and 16ns (to 0.1%). Track-to-hold settling time 
of 12ns (to 1mV). Bandwidth (-3dB) of 150MHz. And 
super supporting specs as well, such as feedthrough 


Fiash-lrack... 


/ Prove it 
to yourself 


with our FREE 
evaluation board. 


rejection of 74dB (at 2OMHZz) and aperture jitter of 
1ps (1.6ps max). 

Yet for all this performance, you pay substantially 
less than you would for other high-speed track and 
holds. And get outstanding applications assistance 
as well. Choose from industrial and screened Hi-Rel 
versions. And for a limited time you'll receive a FREE 
evaluation board with your order. 

Call today for details on the track and hold you 
can trust. Comlinear Corporation, 4800 Wheaton 
Drive, Fort Collins, Colorado 80525, (303) 226-0500. 


Comlinear 
Corporation pes 
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company. 


Send a netlist from any industry-standard 
CAD system. It’s that easy. And if you need 
a cell or function not already in our World 
Macrolibrary™ we'll create it...in one day. 


LASERPATH FOR 
ONE DAY GATE ARRAY 
PROTOTYPES 


No one delivers gate array prototypes quicker 
than Laserpath, the One Day Gate Array™ 


These are real, double-metal 24, CMOS gate 
arrays. High performance like their popular 
counterparts from LSI Logic. Only delivered 
quicker. There’s one for most applications. 


CIRCLE NO 151 


Part No. Gates 


ONE DAY GATE ARRAYS ™ 


LP7420L 4200 
LP7600L* 6100 
LEPOAOL” 8400 


LP71O00L* 10000 


INTEGRATED CIRCUITS 


crystal controls the IC’s 1200-baud 
rate, transmit mark/space frequen- 
cies, and Tx and Rx synchroniza- 
tion. An on-chip bandpass filter pro- 
vides optimum carrier filtering. 
Implemented in CMOS technoiogy, 
the modem operates from one 5V 
supply and consumes 4.5 mA typ 
with both the Tx and Rx sections 
enabled, thus suiting it for use in 
battery-powered equipment. Stand- 
by current consumption is 650 wA. 
Packaging options include a 22-pin 
ceramic DIP, a 24-pin gull-wing sur- 
face-mount package, and a 28-pin 
plastic leaded chip carrier. £5.29 
(1000). 

Consumer Microcircuits Ltd, 
Wheaton Rd, Industrial Estate E, 
Witham, Essex CM8 3TD, UK. 
Phone (0376) 518833. TLX 99382. 

Circle No 382 

Mx-Com Inc, 4800 Bethania Sta- 
tion Rd, Winston-Salem, NC 27106. 
Phone (919) 744-5050. 

Circle No 383 
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ANALOG SWITCHES 


® Block signals as great as 30V 
p-p 

@ Alternate source for industry- 
standard switches 


This family of analog switches is 
fully compatible with industry-stan- 
dard devices. Designated the 
DG300A to DG3803A Series, the 
switches block signals as great as 
30V p-p in the off state. Other fea- 
tures include break-before-make 
switching in 130 to 150 nsec, low 
on-resistance, and operation from a 
single supply (for positive switch 


voltages). Versions are available for 
operation over the commercial, in- 
dustrial, and military temperature 
ranges. Housed in plastic or ceramic 
DIPs or in metal cans, $3.15 to 
$15.45 (100). 

GE Intersil, 10600 Ridgeview Ct, 
Cupertino, CA 95014. Phone (800) 
443-7364; in NY, (800) 243-7364. 
TWX 910-338-0171. 

Circle No 384 


MULTIPLEXERS 


© Reduce fault currents to nano- 
ampere levels 

@ Withstand +35V continuous 
overvoltage 


Models MAX358 (eight channels) 
and MA X359 (four differential chan- 
nels) are analog multiplexers that 
offer improved fault protection com- 
pared with such devices as the HI- 
508A and HI-509A. Under a power- 
down fault condition, the units — 
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INTEGRATED CIRCUITS 


typically allow less than 1 nA per 
channel of input leakage current in 
the presence of input voltages as 
high as +35V. Furthermore, the 
multiplexers can withstand continu- 
ous +35V overvoltages on all their 
inputs simultaneously. Other char- 
acteristics of the MAX358/359 in- 
clude break-before-make switching 
and latch-up-proof operation in the 
power-down condition (even with 
input signals applied). The devices 
draw 200 pA from +4.5 to +18V 
supplies. Drain-on and drain-off 
leakage currents are 5 nA max; 
source-off leakage is 1 nA max. Both 
devices are available in 16-pin plas- 


tic DIPs, ceramic DIPs, and surface- 
mount packages. Prices for com- 
mercial- and military-tempera- 
ture-range versions start at $7.35 
and $17.35 (100), respectively. 
Maxim Integrated Products, 510 
N Pastoria Ave, Sunnyvale, CA 
94086. Phone (408) 737-7600. 
Circle No 385 


A/D CONVERTER 


@ Monolithic version of classic 
ADC80 

@ Specs 12-bit linearity and no 
missing codes over temperature 


Model ADC80MAH-12 is a mono- 
lithic design of the industry-stan- 
dard ADC80 12-bit A/D converter, 
and it contains all the circuit blocks 
required by a successive-approxima- 
tion ADC. The device’s on-chip cir- 
cuitry includes a comparator, a6.3V 
laser-trimmed reference, a succes- 
sive-approximation register, a clock, 


and associated logic. The ADC specs 
a 25-wsec max conversion time and 
guarantees +0.012% max nonlinear- 
ity and no missing codes over —25 to 
+85°C. By making appropriate pin 
connections, you can choose bipolar 
input ranges of +2.5, +5, or +10V, 
or unipolar ranges of 0 to 5 or 10V. 
Housed in a 32-pin hermetic DIP, 
the ADC80MAH-12 operates from 
+12 to +15V split supplies and a 5V 
logic supply. Power dissipation is 
705 mW max. $35 (100). 
Burr-Brown Corp, Box 11400, 
Tucson, AZ 85734. Phone (602) 746- 
1111. TWX 910-952-1111. 
Circle No 386 


Now, get 1000, 100, 50, 
- even 5 production gate arrays 
“in as little as a week! 


LASERPATH 
R LOW VOLUM 


So don’t delay. 
Call Earl Watts 
at 408-773-8484. 
Or write: Laserpath, 


That’s right. Thanks to Laserpath tech- 
nology, you can get to market before your 
competition receives first prototypes. And 
develop new gate array-based products with- 
out a major commitment in time or money. 


Most gate array houses avoid small produc- 
tion runs. We specialize in low volume 
production. We're set up to provide better 
service than you probably thought possible. 
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160 Sobrante Way, = Sunnyvale, 
CA 94086. Ask tor your free 550- 
page One Day Gate Array™ design manual 
and see what puts Laserpath a generation 
ahead of competition. 


ONE DAY GATE ARRAYS”™ 


249 


ROOM SERVICE. 


No room for a trackball in your new console design? Then our 
Model 621 will convince you there's plenty of room for 
improvement. 


Only 1.5 inches in diameter in a3 x 3 inch case, the Model 621 
needs only 3/4 of an inch of back panel space. Even so, 

it provides the high quality and good feel you'd expect only 
from a much larger trackball. 


And we've left plenty of room for options. You can get the Model 
621 with a quadrature 
Square wave or TTL level 
pulse output. Coded 
digital outputs are also 
available in a slightly 
larger case. 


Call or write us for more in- 
formation. And we'll prove 
all this room is no rumor. 


MS Measurement Systems, Inc. 


121 Water Street, Norwalk, CT 06854, U.S.A. (203) 838-5561 
CIRCLE NO 152 


X.25 Software 


Before you make a decision, make a 
phone call. 


As low as $7250 
C source code license 

Rsys"™ PAD option 

Certified— Telenet, Tymnet, DDN, 
European PT Ts 

Multiple X.25 line capability 
On-line configuration 

Runs on any hardware for which aC 
compiler exists 


One phone call can save you tens of thousands of dollars and 
cut many months off your product development schedule. Let us 
give you more details on the benefits of Gcom X.25 and show you 
how affordable superior data communications software can be. 


Gcom, Inc. 
Specialists i in Computer Communications 
County Bank panze, 102 E. Main, Suite 509 


Ooim Neca IL 61801 


Phone (217) 328-7800 
Telex: 910-240-1477 
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INTEGRATED 
CIRCUITS 


REGISTER FILE 


@ Accommodates 100-MHz 
throughput rate 

@ Specs 10-nsec worst-case read 
cycle 


The Model B3210 multiport register 
file has two read ports, two write 
ports, and one bidirectional read/ 
write port. The ECL device is or- 
ganized as 64 18-bit registers; its 
18-bit data word allows the IC’s 
memory array to store byte-parity 
bits. Separate address lines for each 
port allow asynchronous, concur- 
rent access to the memory array. 
You can use either transparent 
latches or edge-triggered registers 
for read addresses and data. A self- 
timed write pulse minimizes ad- 
dress and data setup and hold-time 
requirements. The worst-case read 
cycle for the IC is 10 nsec. Packaged 
in a 168-lead pin-grid array, the 
ECL-compatible B3210 dissipates 
5.3W typ. A TTL-compatible ver- 
sion called the B2210 dissipates 
3.5W typ and has a worst-case read 
cycle of 14 nsec. B3210, $320; B2210, 
$250 (100). 

Bipolar Integrated Technology 
Inc, 1050 NW Compton Dr, Beaver- 
ton, OR 97006. Phone (503) 629- 
5490. 

Circle No 387 


A/D CONVERTER 


® Samples to 8-bit resolution at 
110M samples/sec 

®@ Outputs data in binary or 2s- 
complement code 


The SP9758 is an 8-bit flash A/D 
converter capable of a 110-MHz con- 
version rate and a full Nyquist ana- 
log-input bandwidth. Accurate to 
better than +0.5 LSB, it has an 
input capacitance of 30 pF typ and 
power dissipation of 1.2W typ. Only 
one 15.2V supply is necessary for 
operation. You can use the convert- 
er without the need for an external 
sample/hold amplifier at the ADC’s 
input. In addition, you can configure 
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The $50,000 
RIDGE 3200 
Design 
Analysis. 
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What’s the differenc 


Until now, working with design programs like HSPICE, 
USPICE, ASPEC, HILO-3, SILOS, DRACULA, SUPREM, 
OMNIROUTE, and VTI Design Tools, meant you had to do one 
of two things. Spend about $400,000 to get mainframe com- 
puting power. Or spend time waiting for your workstations to 
srind out the results. 

Ridge Computers is changing all of that. The RIDGE 3200 
gives you the 4+ MIPS of performance and up to 128 Mbytes 
of real memory at a price you can afford. 

The 3200 is easily accessed from graphics terminals or 
through Apollo, SUN, IBM or Apple workstations and personal 
computers over a local area network. With 
the power of the RIDGE 3200, complex tasks 
like design capture, analog and logic simu- 
lation, integrated circuit layout, design 
verification and database management, are 
fast and nearly routine. 

Also, with designs running 10,000—20,000 
gates and larger, cost-effective real memory 
availability becomes as important as CPU 
performance. Simulations today require at 
least 1 Mbyte of memory for each 1,000 gates 


The $400,000 
VAX 8600 
Design 


Analysis. 
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of design for efficient execution. The 128 Mbyte of real mem- 
ory on the 3200 means that large designs are analyzed in 
memory and the overhead associated with input/output is 
significantly reduced. Analyses that have taken hours or days 
can now be done in minutes. Faster analysis provides the 
opportunity for more analyses and means fewer errors, lower 
manufacturing costs, faster product introductions, higher 
quality products. Success! 

So remember, in addition to all of the performance and 
memory you would expect in a $400,000 computer, the RIDGE 
3200 gives you something else. About $350,000 in change. 


That’s the Ridge difference! 


VEN 


RIDGE 


COMPUTERS 


2451 Mission College Blvd. 
Santa Clara, CA 95054 
800-821-8975 

In California 800-468-1848 


CADscreen photo courtesy of ECAD Inc. HSPICE is a trademark of Meta-Software, Inc. USPICE is a trademark of Elec- 
tronic Software Products. ASPEC is a trademark of Control Data Corp. HILO-3 is a trademark of GenRad, Inc. SILOS is a 
trademark of SimuCAD. DRACULA is a trademark of ECAD Systems. VAX is a trademark of Digital Equipment Corporation. 
UNIX is a trademark of AT&T Bell Laboratories. Sun is a trademark of Sun Microsystems, Inc. Apple is a trademark of Apple 
Computer, Inc. OMNIROUTE is a trademark of Omnicad. SUPREM is a trademark of Stanford University. RIDGE 3200 isa 
trademark of Ridge Computers. Copyright 1987 Ridge Computers 


CIRCLE NO 155 
EDN February 19, 1987 . 251 


i e_eeOee mmm 


INTEGRATED 
CIRCUITS 


Working on 

it to produce either true- or inverse- 
GC otfor binary or 2s-complement output 
| , coding. The converter’s ECL-com- 
patible outputs are internally 
latched to maximize the data-valid 
period. The operating range is —40 
to +85°C. The part comes in a 
42-pin ceramic DIP that’s pin and 
function compatible with industry- 
standard 8-bit A/D converters. £84 
(100). 

Plessey Semiconductors Ltd, 
Cheney Manor, Swindon, Wiltshire 
SN2 2QW, UK. Phone (0793) 36251. 
TLX 449637. 


Circle No 388 

Plessey Semiconductors, 3 

Whatney, Irvine, CA 92718. Phone 
 - - : , (714) 951-5212. 
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MOTOR DRIVER 


@ Drives 3-phase_ brushless de 
motors 


® Accepts Hall-effect differential 
outputs 


This high-current linear IC drives 
3-phase brushless de motors. Model 
L6230 accepts differential outputs 
from Hall-effect sensors; the device 
includes the commutation logic re- 
quired for 3-phase bidirectional 
drive. A speed-control input regu- 
—=—<S<—t™Ssts™se — lates the base current of its three 
ret Can, Cusiom . _ output transistors in order to limit 
eee) ye St se : : | the motor’s current and speed. Fur- 
/ ee Bee ech thermore, the IC controls the rise 
as computer peripherals, automotive and fall times of the output voltage 

1ODlications, instruments, and other to limit EMI noise generation. 
snc OC) Other features include compatibility 


lications. Or, we may have just the 
| with any F/V converter or phase- 
locked-loop control system. You can 


design you need on the shelf. Let us help you 
olve your application problem — contact HSI 
lutions the control the direction of rotation by 
using a single TTL-compatible input 


< HSI, Inc. . : | pin. Operating from a single supply 


| 1500 Meriden Road (to 18V), the device provides output 
SA Waterbury, Connecticut 06705 currents as high as 3A. Housed in a 
yas 

CALL 800-243-2715 


IN CI CALL 203-756-7444 15-lead package dubbed Multiwatt, 
the IC costs $4.70 (1000). 


SGS Semiconductor Corp, 1000 
E Bell Rd, Phoenix, AZ 85022. 
Phone (602) 867-6100. TLX 249976. 
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Switching Power Inc. delivers POWER and VALUE... 


dical Systems--Telecommunication Systems~-Graphic Systems~Mainframe Systems-~-Minicomputer Systems~CAE Workstations- 


(1130 to 3000 Watts (One to Five Outputs 
(150°C Power Ratings (120 to 300 Amperes 
CiInternational ACInputs [Field Proven Products 
_] All Safety Approvals CIBPO Shielded Magnetics 
(Fully Self Protected _) Power to Grow with You 


Looking for VALUE’ 


Switching Power Inc. invites you to look inside our Products. Innovative engineering and high standards for 
safety and quality have made us the leading supplier of high efficiency DC power to demanding high technology, 
original equipment manufacturers around the world. 


Double insulated, varnish 


1000V, 6A, heavy duty DOS hermetically sealed, impregnated, SELV mag- 
85° C, high reliability (300A surge) input Non explosive, ceramic low thermal impedance netics with class H materials, 
capacitors. rectification. body, 250V input fuse. 60A output rectification. UL class V, 155° C approved. 


SS oh Ue ee 


ERR 


® e : ‘ 
? a es on ee 
6 Se ee ew ee Soe $8 oa 


Field proven, standardized, TOS, hermetically sealed, Heavy duty, 3/8” spacing, 85° C overtemperature UL 94 VO glass epoxy printed 
pulse width modulator 15A, 500V, low thermal barrier block. thermostat for fan failure wiring board with plated 
control IC. impedance, switching or system malfunction. through holes and eight 

transistors. millimeter spacings. 
Sarees OP ee ‘A 


01130 to 400 Watt Open Frame | 
Please send me a free catalog: 6375 to 3000 Watt Enclosed : 


| 
Gotapanysiscsicsssscstcssvesiesesatetyonssasrsacceesntionnescasesvess antes taaeeememempunemamagers*s+<7*0* : eu 
beet SEN eet ce ek Ee re aetna tne en oS 
CEG oe co ccesencedocsaereqeterenchonsesnsnmsbsasenecss State .........ccuses Pekar Wiancdeesss ss 000s ass: l 
Call me..... ( soreriaveie ) <aiulagu'be nee csled Foe beasad wemeneds's \ntee bh occ ess oe ahaa mney —EEmupeEamn es 559 5% 4° e9 | 2601 Veterans Highway, Ronkonkoma, NY 11779 
L 3 EDNO21987 | ‘Telephone 516/981-7231 TWX 510 220 1528 
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NEW PRODUCTS 


CAE & SOFTWARE DEVELOPMENT TOOLS 


PLA DATABASE 


@ Runs on IBM PCs and compati- 
bles 

@ lists more than 3000 program- 
mable-logic ICs 


The first product in the DataDisk 
Series contains a database of more 
than 3000 programmable-logic ICs 
available from more than 25 manu- 
facturers. The database includes the 
most recent devices, such as logic 
arrays, array logic, logic sequenc- 
ers, generic array logic, and radia- 
tion-hardened array logic. You can 
access the database by part num- 
ber, by generic number, or by speci- 
fying as many as five of the desired 
electrical characteristics. To use the 
database, you’ll need an IBM PC, 
PC/XT, or PC/AT equipped with a 
hard-disk drive and at least 512k 


-_-_-_eoeoeoeooo 


bytes of RAM. One-year subscrip- 
tion, $80. 

DATA Inc, Box 26875, San Diego, 
CA 92126. Phone (800) 854-7030; in 
CA, (800) 421-0159. 
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CAD DATABASE 


@ Runs on the IBM PC/AT and 
compatibles 

@ Provides interfaces to most sim- 
ulation and test systems 


The Calos 6000 is a schematic-cap- 
ture editor and database that con- 
sists of five major components. The 
first, Template, generates symbol 
outlines, pin names, and other attri- 
butes of a selected component. You 
select components from the library, 
which includes parts from most cur- 
rently available IC families. You can 
create data for new components and 
add them to the library. Another 
part of the program, Package, com- 
bines a set of templates to form a 
component. During package devel- 
opment, the program checks for er- 
rors such as duplicated pin num- 


CMOS Little Board/PC™ 


BOOTS PC-DOS/MS-DOS 


SCSI BUS INTERFACE — 
(HARD DISK, ETC) 


MATH 
CO-PROCESSOR ——__ 
OPTION 


FLOPPY DISK CONTROLLER 
(3.5"/5.95”, 
360 K/720 K, 1.2 MB) 


UP TO 128 K 
EPROM/RAM/NOVRAM 
BATTERY BACKED RT CLOCK 


FA ee 


COMPUTERS, INCORPORATED 


MOUNTS ON A i 
5.25” DRIVE 
(5.75"x8’x1”) 


5S VOLT ONLY OPERATION 
(3 WATTS!) 


2 RS232C 
SERIAL PORTS 


SPEAKER PORT 
KEYBOARD PORT 


PARALLEL 
PRINTER PORT 


PC BUS 


/——— 4 MODE VIDEO 
CONTROLLER 
OPTION 
(MONOCHROME, 
HERCULES, CGA, 
HIGH RES CGA) 


MS-DOS Microsoft Corp. 


67 East Evelyn Avenue @ Post Office Box 390427, Mountain View, CA 94039 e (415) 962-0230 @ TLX 4940302 
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Mizar opens a new frontier 
of VME __.. 
capabilities 


distance 


And shortens the 
between concept and reality 
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Our SCSI selection is getting bigger. 
And smaller. 


Bigger with the addition of anew SMD controller board that’s 
setting speed records and the first SCSI printer interface board. 
, And smaller as we continue to reduce chips and boards through 
Printer Interface : : VLSI technology, while adding functions. (Even down to a con- 
troller on a single chip.) And there’s more that’s even too new 
for this ad. So call 1-800-325-SCSI, and find out what NCR and 

SCSI can do for you. 


SCSI Disk Controller Chip 

SDC-1 A highly integrated, programmable, general- 
purpose SCSI disk controller chip. 

SCSI Board Products 

ADP-31A — PC to SCSI Host Adapter 

ADP-32  Multibus ‘to SCSI Host Adapter 

ADP-41 —_ SCSI to ST-506/SA-400 Disk Controller 

ADP-44 — SCSI to SMD-O (10 MHz) Disk Controller 

ADP-48 —_ SCSI to SMD (10, 15, 20 or 24 MHz) 

Disk Controller 

ADP-53 SCSI to 14” PERTEC Tape Controller 

ADP-55 —_ SCSI to QIC-36 Tape Controller 

ADP-60 SCSI to Dataproducts Printer Interface 
(Long Line) 

NCR 6343 4" Cartridge Streaming Tape Drive With SCSI. 
Both single-ended and differential versions 
available for most products. 

SCSI Storage Subsystems 

Tabletop or deskside storage subsystems with disk and tape 

configurations from 40 MB to 1.6 gigabytes. | 


1-800-325-SCSI - 
E&M — Wichita 
OEM Products 
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SDC-1 


SMD (24 MHz) Controller 


CAE & SOFTWARE DEVELOPMENT TOOLS 
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bers, omission of standard power 
and ground pins, and pin-to-pin mis- 
match. Another component, Alter- 
nate, lets you select equivalent sym- 
bol representations of a part and 
toggle between them without affect- 
ing the gating; you can use this 
feature to show negative logic sym- 
bols and mirrored representations, 
and you can employ it in other de- 
sign procedures. Alias lets you use 
the same library for parts with iden- 
tical graphics representations but 
different parametric data; you ac- 
cess the relational database by the 
part number. Family lets you choose 
resistors, capacitors, and other com- 
ponents without knowing the part 
number; you select the family and 
scroll through the available values 
to find the correct part. The pack- 
age has bidirectional interfaces to 
most major pc-board layout sys- 
tems, so you can optimize the layout 
and automatically transfer any cor- 
rections back to the schematic. Soft- 
ware only, $7995; complete Tele- 
Video TeleCAT-286 system with 
Calos 6000 software, $13,000. 
Calos Ine, 3419 Edison Way, Fre- 
mont, CA 94538. Phone (415) 657- 
4430. 
Circle No 392 


MODULA-2 COMPILER 


® Generates native 8086/88 code 
e Includes a Make utility 


The vendor’s Modula-2 compiler 
runs on any 8086/88-based machine 
under IBM PC-DOS or generic 
MS-DOS. It provides all features of 
the Modula-2 language as defined 
by Niklaus Wirth in Programming 
in Modula-2. The compiler gener- 
ates an intermediate file during the 
first pass, during which it performs 
all lexical and syntactical analysis. 
During the second pass, the compil- 
er processes internal symbols from 
the executable code. The algorithms 
used in these two passes allow you 
to write source code in which you 
can use symbols before you have 
defined them. The code generator 


EDN February 19, 1987 


reads one procedure at a time from 
the intermediate file, performs the 
analysis in memory, and produces 
executable code for that procedure 
before going on to the next one. 
According to the vendor, these algo- 
rithms result in more rapid compila- 
tion, with fewer disk accesses, than 
can be obtained from other 4-pass 
compilers. The compiler package in- 
cludes a Unix-like Make utility, as 
well as complete source code and 
object code for the run-time library. 
The compiler package is not copy 
protected, and the vendor charges 
no royalty fees on code produced by 
the compiler for inclusion in 
commercially developed programs. 
$89.95. 

Farbware, 1329 Gregory, Wil- 
mette, IL 60091. Phone (312) 251- 
5310. 
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CAM/CAT SOFTWARE 


e Provides data to drive insertion 
and N/C equipment 
© Optimizes design of test fixtures 


The CAM/CAT Toolbox accesses the 
vendor’s design database to obtain 
accurate and consistent data for the 
manufacturing and testing phases of 
pe-board production. The package 
consists of three modules. The CAM 
Data Generator extracts from the 
database all the information needed 
to drive autoinsertion and wire- 
wrapping equipment. You can list 
and sort the data according to ma- 
chine-specific requirements. The 
FXT Data Generator cross-refer- 
ences the net database against the 
final layout and optimizes the loca- 
tions of the probes in a test fixture 
so that there is a probe for the 
source of every signal, including ex- 
ternal signals applied to an edge 
connector. The program lets you 
create a series of color-keyed plots 
to assist manufacturing personnel in 
locating probe positions. The CAT 
Data Generator extracts net lists 
from the database in the format 
required by your automatic test 


WORLD'S 
SMALLEST 
DIP SWITCH 


SAME SIZE 
AS AN 
IC 


THE LOW PROFILE K40 DIP IS 
THE SAME SIZE AS AN IC 


NO MORE HAND LABOR. 


YOU CAN USE AUTOMATIC 
INSERTION EQUIPMENT! 


If you don’t have automatic insertion equip- 
ment, we’re banking that some day you will. To 
prove that, we’ll charge you the same low price 
for all your purchases—no more need for the 
low-volume premium prices you're paying now. 


AVAILABLE IN 
POSITIONS 


FREE SAMPLE! 


WITH STAPLED BUSINESS 
CARD TO YOUR LETTERHEAD 


AMERICAN RESEARCH 
& ENGINEERING 


1500 EXECUTIVE DRIVE 
ELGIN, IL 60120 


12-888-7245 
omen ean the it bile! 
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equipment. CAM Data Generator, 
$3750; FIXT Data Generator, 
$3000; CAT Data Generator, $7500. 
Telesis Systems Corp, 2 Omni 
Way, Chelmsford, MA 01824. Phone 

(617) 256-2300. TLX 948143. 
Circle No 394 


LISP FOR MAC 


® Compiles native 68000 code di- 
rectly from Lisp source code 

© Manages memory and optimizes 
space 


E:xxpercommon Lisp, which runs on 
the Macintosh, generates native 
68000 code directly from Lisp 
source code. It features more than 
1100 Lisp primitives; a memory- 
management technique that keeps 
in memory only the routines cur- 
rently in use; and an on-line, auto- 
matic symbolic debugger that iden- 
tifies errors and allows you to trace 
the program path back to the source 


of the error. You can resume pro- 
gram execution as soon as you have 
corrected the error. The package 
provides a class system with a full 
set of tools for object-oriented pro- 
gramming. It also allows direct ac- 
cess to the Macintosh Toolbox, 
which contains development tools. 
Optionally, the vendor offers a 
dead-code analyzer that removes 
from the Lisp kernel all tools that 


are not specifically needed for a par- 
ticular application program. Use of 
the analyzer results in smaller, fast- 
er application programs, the manu- 
facturer claims. Expercommon 
Lisp, $995; dead-code analyzer, 
$1500. 

Expertelligence Inc, 559 San 
Ysidro Rd, Santa Barbara, CA 
93108. Phone (805) 969-7874. 

Circle No 395 


CROSS-COMPILER 


@ Lets you develop Lisp programs 
on a Lisp machine 

@ Lets you run the programs on a 
68000-based target machine 


The Common Lisp Cross Compiler, 
written by Lucid Inc (Menlo Park, 
CA), runs on 3600 Series machines 
and lets you use all of the vendor’s 
Genera tools and debugging facili- 
ties. It lets you develop application 
programs that will run on the ven- 


UNIX is a trademark of AT&T Bell Laboratories, Inc. 
VRTX is a registered trademark of Hunter & Ready. 
HK68/V is a trademark of Heurikon Corporation. 
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POWER. FOR PEOPLE WHO KNOW 
Ow TO USE IT. 


Introducing the HK68/V20 
68020 VME processor. 


_ Features include the 68020 
MPU, | to 4 MegaBytes of on- 
board DRAM, 68851 PMMU, 

68881 Floating Point Coprocessor, 
one serial port and MVMX/32. 
UNIX™ and VRTX® supported. Com- 
patible with other members of the 

HK68/V™ Family of Heurikon VME 
processors. And technical support 
you've come to depend on. 

Call 1-800-356-9602, Ext. 395 for 
more information. Heurikon Corporation, 
3201 Latham Drive, Madison, WI 53713. 


HEURIKON 


@ 
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WHY SETTLE FOR LESS? 


You get more with OrCAD/SDT than any other At OrCad we dont think you should have to Why wait to turn your PC into a quality design 
schematic capture program. At any price! struggle to create libraries. That is why we have tool? For only $495 you will discover that 
included over 3000 UNIQUE parts. With this OrCAD/SDT is the most complete and cost 


Runs on IBM PC/XT/AT or compatibles 

Part Rotation and Mirroring 

Rubberbands Wires and Buses 

Supports TRUE A through E size sheets 
Unlimited Level Hierarchy, Keyboard Macros 
Step and Repeat, Auto Panning, 5 Zoom Levels 
Color and Monochrome Graphics 

Parts List, Design Check and Library Utilities 
Net Lists automatically generated in Algorex, 
Applicon, Calay, Cadnetix, Computervision, 
EDIF, FutureNet, Multiwire, PCAD, PSpice, 
Racal-Redac, Scicards, and Telesis formats! 


many devices, libraries are obviously easy to effective schematic design tool available. 
create. Spend your valuable time creating 
designs instead of making new parts. 


Call today to receive your Free Demo Disk 
and brochure. 
All orders are shipped from stock! 


+12 VOC 


RFC] 
2.S mH 


C7 
188 pF 


XTAL1 
3.579S54S MHz 
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Systems Corporation 


1049 SW. Baseline St., Suite 500 
Hillsboro, OR 97123 
(503) 640-5007 
Telex: 9102402090 ORCAD UQ 


RS cs 


188 | .918 uF 


Contact your OrCAD Representative 
For Further Information 


WA, OR, MT, ID, AK, WY ND, SD, MN, WI TN, NG; SCeVA 
Seltech, Inc. Comstrand, Inc. Tingen Technical Sales 
q —~, th 206-746-7970 612-788-9234 919-878-4440 
1V.19 N. CA, Reno NV NE, KS, IA, MO, IL E. PA, NJ, NY, DE, MD, DC 
Elcor Associates, Inc. Walker Engineering, Inc. Beta Lambda, Inc. 
| a he Bs 408-866-5505 913-888-0089 201-446-1100 
So. CA TX, OK, AR, LA CT, RI, MA, VT, NH, ME 
ae Advanced Digital Group Abcor, Inc. DGA Associates, Inc. 
—_ 714-897-0319 713-486-9251 617-935-3001 
Las Vegas, NV, UT AZ, NM, CO IN, OH, KY, WY, W. PA, MI MS, AL, GA, FL 
Tusar Corporation Frank J. Campisano, Inc. High Tech Support 
602-998-3688 513-574-7111 813-920-7564 
BC, AB, SK, MB (Canada) ON, PQ 
Interworld Electronics & Electralert 
Computer Industries, Ltd. 416-475-6370 
604-984-4171 
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The 1p6005 \ine driv an 

receiver are ideall suit high sper 
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The 1,p6005 dual line driver! cepts TTL 
inputs and prov es alanced AQ mA current 
source utputs t drive tet inated twin axia 
cable Enable pr pagal! delay is <2i5 ns, 
rise time nd fall e are <i0 0 The powe! 
supply voltage +5.0 V; nput quency is 
Q (min.) 9 (max-) MHZ, with operating 
tem erature _70° to + 
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differential inpu ened t ject larg 
commo de sig le responding ) 
small differ ntial sig The output iS 
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+5 \- power dissipation 
Termination resistors are incl 
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CAE & SOFTWARE 


dor’s other machines, or on 68000- 
based machines, under Lucid Com- 
mon Lisp. You can integrate the 
cross-compiler into the Genera soft- 
ware-development system for 3600- 
series machines. If the target ma- 
chine is one of the vendor’s 
application-delivery machines, you 
can incorporate all of the vendor’s 
enhancements to Common Lisp in 
your application; however, if the tar- 
get is a 68000-based Sun or Apollo 
workstation, you will have to re- 
strict your application program to 
the features provided by Lucid 
Common Lisp. You'll need Genera 
version 6.1 or higher for the 3600- 
series system and Lucid Common 
Lisp for the target machine. Cross- 
compiler, $11,900. 

Symbolics Inc, 4 New England 
Tech Center, 555 Virginia Rd, Con- 
cord, MA 01742. Phone (617) 259- 


3600. 
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N/C VERIFICATION 


® Converts NIC tape to vmage on 
workstation screen 

@ Animation shows the exact oper- 
ation of N/C milling machine 


The NC-Verification software pack- 
age runs on Calma CAD/CAM work- 
stations and is an optional enhance- 
ment to the vendor’s Prism/DDM 
CAE system. For each part that is 
to be produced, the software con- 
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This book can save 
our company 


a lot of money. 


GSA Contract GS-04F-00702 


GENSTAR 


Rental Electronics, Inc. 
(800) 227-8409 


In California (800) 331-3440 


This coupon brings you a recession-beating catalog by return mail! 


0 The equipment I’m most interested 
in is: 


0 It’s free, so send it quick! 

0) I’d also like a free catalog on 
“like new” items you're selling. 

O) Don't wait. Call me today at: 


NAME TITLE 

ORGANIZATION —— SSF 
ADDRESS MAIL STOP 
CITY/STATE/ZIP — SEES 


TELEPHONE —.. CSCS EO 


Complete coupon and mail to: Genstar Rental Electronics, Inc, 6307 De Soto Ave., 
Suite J, Woodland Hills, CA 91367 


| 
EDN021987 i 
| 
| 


® Genstar Rental Electronics, Inc. 1985 : 
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verts milling-machine instructions 
on the numeric-control tape into a 
shaded-color simulation on the 
screen of a workstation. The image 
simulates the operation of the cutter 
on the desired part. If erroneous 
instructions cause the tool to cut the 
wrong shape or slice into the hold- 
ing clamps, you can see the mistake 
on the screen, modify the instruc- 
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tions, and then replay the tape to 
make sure the error has been prop- 
erly corrected. You can interrupt 
the program at any stage to com- 
pare the tool paths machined with 
the original design stored in the 
computer’s memory, or to store 
work in progress for later comple- 
tion. You can scan, rewind, or 
search for information about a spe- 


CIRCLE NO 167 


cific part. The simulation software 
also estimates cutting forces and 
tool deflection, so you can calculate 
the optimal feed rate for production. 
According to the vendor, a complex 
verification, which would have re- 
quired weeks to complete by con- 
ventional methods, was completed 
by the software package in seven 
hours; the package also eliminated 
the need to machine a sample part. 
$5000 to $20,000, depending on op- 
tions. 

Calma Co, 501 Sycamore Dr, Mil- 
pitas, CA 95035. Phone (408) 434- 
4000. 
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APPLE SPECTROSCOPY 


@ Lets you acquire and analyze 
spectrometer data 

® Graphics routines can plot sam- 
ples in windows 


Spectrochart is a spectrum-analysis 
package for an Apple IIe equipped 
with 128k bytes of RAM and the 
vendor’s Adalab data-acquisition 
board, which interfaces to most 
spectrometers. A special version of 
the program lets you control a Mil- 
ton Roy (Rochester, NY) Spectronic 
1001 spectrometer via the latter’s 
RS-282C serial interface. The pro- 
gram lets you set up a file to control 
the sequence of operations. You can 
specify as many as 100 standards 
and unknown samples for analysis in 
any sequence. For each sample, the 
program records a single absor- 
bance, transmittance, or concentra- 
tion value; for kinetic studies, the 
program can record multiple, timed 
values. The program can also record 
a Spectrum as the spectrometer 
scans. It can display the results both 
numerically and graphically as a 
scrolling strip chart, and it can send 
this output to either the screen or 
the printer. The graphics routines 
let you display multiple samples, 
kinetic curves, or spectra in win- 
dows that may be as large as 
960X192 pixels. Post-run analyses 
include conversions from transmit- 
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Giving shape to imagination. , 


Most companies know us for our solid reputation in pen plotters 
LR oranone all around the world also know CalComp or electrosta 
And they select CalComp for good reasons. | , 
Calor offers a full family o 
- resolution image quality—up to 4 00 dots-per- -inch. Ge 
plotters are self-contained f lotting Se without the 
need or expense of any add-on contr 
cee _ Also, many Fortune 500 companies are already 
familiar with our high quality proc ucts, responsive — 
sales support and worldwide field service WENO 
fter all, we ‘ve been in the computer , 


STIMPSON Hole Plugs offer an 
economical and simple solution to 
meet the needs of today’s assem bly 
and design requirements. 

STIMPSON Hole Plugs are avail- 
able in a large variety of metals, 
platings, enameled and special 
finishes, complete with designs 
stamped to your specifications. 

Send for a free 
copy of our latest 
Hole Plug catalog, 
which illustrates 
Over 160 Standard, /Biiaumieces 
Tubing, Knockout * 
and Special Hole Plugs. 


ib Stimpson > 


900 SYLVAN AVE. BAYPORT, NY 11705-1097 
(516) 472-2000 
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Stimpson 
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tance to absorbance and measure- 
ments of peaks. A learning mode 
lets you record a procedure of as 
many as 50 steps, so that you can 
repeat this procedure automatically 
for future runs. The analysis rou- 
tines can construct a standard curve 
by least-squares curve-fitting on as 
many as 25 standards and dupli- 
cates. The routines can then use the 
standard curve to compute an 
amount or concentration for as 
many as 97 unknown samples, cor- 


_ rected for dilution. Standard ver- 


sion, $495; Spectronic 1001 version, 
$695. 

Interactive Microware Inc, Box 
139, State College, PA 16804. Phone 
(814) 238-8294. 
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CAE TRAINING 


® Guides a user through features 
of a system 

© Provides step-by-step examples 
of design 


CAD Expert is a computer-aided 
instruction (CAI) program that runs 
on the IBM PC and compatibles. It 
guides a new user through the 
standard features and latest capa- 
bilities of the vendor’s CADkey 
CAE system, which also runs on the 
IBM PC. The package has three 
components: an on-line tutorial pro- 
gram, a demonstration disk, and a 
user-training manual. The tutorial 
disk files give step-by-step instruc- 
tions on how to use CADkey func- 
tions; these functions fall into 12 
major groups, including geometric 
modeling, detail drafting, display 
manipulation, entity management 
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You're not gambling 
with quality when 
you buy 
low-cost 
T70 relays 
from P&B. 


Quality at just 77c one 


UL recognized and CSA ce 
Potter & Brumfield’s T70 relay © 
switches from 1 milliamp throug 
10 amps, resistive, on printed 
circuit boards. All with the same 
reliability and performance that 
have made PB relays the indust 
standard. And the T70 costs as little as” 
77 cents in 25,000 piece quantities. 


. 20 different T70 models available 

rom stock at PaB, the unit you need is 

probably available off-the-shelf. Your 

PsB distributor or sales representative 

will gladly help you select the model that's 
F just right for your application. Call toll-free 

2 1-800- 255-2550 for the name of an authorized Potter 
& Brumfield distributor or sales representative serv- 
ing your area. Or call your P&B regional office. 


Broad range of ratings a Write for free sample 
Gold-plated fine silver or silver-cady aa oxide Write us on your company letterhead, briefly 
contacts are available in a single pole, double describing your potential application for T70 y, 
throw configuration. Contacts of either material relays, and we'll rush you a free sample and ae 
are UL recognized to switch motor loads up through complete specifications. Potter & Brumfield, co 
1/4 horsepower at 120 volts AC. Silver-cadmium A Siemens Company, 200 South Richland 7c? 
oxide contacts are also rated for 5 amp tungsten Creek Dr., Princeton, Indiana 47671-0001. eS & 
lamp loads at 120 volts AC, while silver is rated Regional Sales: is xe 
3 amps tungsten. Braintree, MA, (617) 848-6550; ae ge & 
: .s 
Reliability? Of course! se a CA, 2s Ke Ss 
The T70 relay features simplified construction that Seieeeton. IN: AS 
enhances reliability while holding cost down. A (812) 386-2130: HEAP & 
sealed version is designed for immersion cleaning, Bristol, England, pin & 
and a plastic dust cover model is also available. (0454) 616263. LOS SE 
FN 
ae tu Zs 

a ie & & 

Potter & Brumfield «si 1B BE 3 
O er ru ie A Siemens Company Oey A ae 
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That depends on who you do business with. 
example, we have two series of Ethernet 
products, Repeaters and Ex 


staulor d peripherals up to 1000 
meters. Another extends 
up to 3000 meters 
between independent 
hosts. Without errors. 
With optimal capacity. 
And with virtually no 
maintenance. 

A local Ethernet 
cpeater enabies you 
use Standard transceiver cable and 
_extend the distance between 
transceivers to 100 meters. 


Ask about our 
off-the-shelf 
Ethernet 


and T1 Products. 
800- 


626-5745 
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Be An Author! 


When you write for EDN, you earn professional recognition. And 
you earn $75 per published magazine page. 

EDN publishes how-to design application information that is 
read by more than 137,000 electronics engineers and engineering 
managers worldwide. That’s an audience that could belong to you. 

If you have an appropriate article idea, please phone Eva 
Freeman, Associate Editor, at (617) 964-3030, or send a proposal 
and outline to her at 275 Washington Street, Newton, MA 
02158 — 1630. For a FREE EDN Writer’s Guide—which includes tips 
on how to write for EDN and other technical publications—please 
circle number 800 on the Information Retrieval Service Card. 


First in Readership among Design Engineers 
and Engineering Managers in Electronics 
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and verification, geometric analysis, 
and printing and plotting. The dem- 
onstration disk contains an interac- 
tive program for practicing what 
you have learned from the tutorial 
files. The user-training manual in- 
cludes samples of CADkey 3-D de- 
signs and typical steps used in the 
design of various components. $395. 
Micro Control Systems, 27 Hart- 
ford Tpk, Vernon, CT 06066. Phone 
(203) 647-0220. TWX 510-600-7223. 
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ASIC TOOLS 


@ Include symbol libraries and de- 
sign tools 

© Provide pre- and post-layout 
back-annotation 


Symbol libraries and design tools 
for LSI Logie’s ASICs are now 
available on the Cadnetix family of 
workstations. The libraries include 
the vendor’s LL5000, LL7000, and 
LL9000 Series HCMOS array li- 
braries; the tools include pre- and 
post-layout back-annotation of gate 
and interconnect delays, as well as 
manufacturing interfaces to an LSI 
Logic Design Center. During the 
schematic-capture phase of design, 
you work with macrocell libraries 
certified by LSI Logic. Because the 
vendor’s workstation includes mod- 
els for individual macrocells, you can 
perform logic simulation either on 
the workstation or on IBM PCs con- 
nected to the workstation via a high- 
speed local network. You can simu- 
late the circuit first with unit delays 
and then with estimated delays in- 
corporated, after which you send 
the design to an LSI Logie Design 
Center for physical layout. The sym- 
bol library and net-list components 
of the package reside on a 68020- 
based server; a PC can access them 
via the network. $25,000. 

Cadnetix Corp, 5757 Central 
Ave, Boulder, CO 80301. Phone 
(303) 444-8075. 
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Only Airpax gives you real design freedom with VDE approved mag- 
netic circuit breakers. From 50 milliamps to 50 amperes, in more than 
50 configurations and styles. Only Airpax VDE approved breakers 
can help open your world markets. Airpax Corporation, Cambridge 

T » Division, Woods Road, Box 520, 
Cambridge, MD 21613. 
(301) 228-4600. A North 
American Philips Company. 


CAMBRIDGE DIVISION 
See Us at Nepcon Booth 2584 CIRCLE NO 172 


NEW PRODUCIS 


TEST & MEASUREMENT INSTRUMENTS 


DIGITAL ATE 


@ Uses IBM PC as test controller 
@ Tests 24-pin TTL devices 


The PTS-100 tests digital devices 
having as many as 24 pins. The 
tester comes with a library of tests, 
written in a specialized version of 
Basic, for more than 500 TTL de- 
vices. The tester has 24 bidirection- 
al test pins, a programmable power 
supply for the DUT (device under 
test), and a dc PMU (precision mea- 
suring unit). Its options include a 
device-handler interface and test 
routines. The tester uses an IBM 
PC or compatible computer as a 
controller. $9950. 

Pragmatic Test Systems Ine, 
1405 Milpitas Blvd, Milpitas, CA 
95035. Phone (408) 943-3200. 
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WAVEFORM DIGITIZER 


© Digitizes at 1G samples/sec 
© Comes with FFT software 


The Model 3000 waveform digitizer 
sports a l-nsec, real-time sample 
interval (1G samples/sec). When 
measuring repetitive signals, the in- 
strument can achieve 10-bit resolu- 
tion. The instrument requires an 
IBM PC for control. The firm sup- 
plies IBM PC software that can 
control as many as eight digitizers 
at once. The software displays cap- 


tured data in the time and frequen- 
cy domains. The PC ean display a 
new FFT at least once per second 
when the digitizer is in the continu- 
ous-acquisition mode. Model 3000, 
$28,500. Delivery, 60 days ARO. 
Sequence Inc, 1650 Zanker Rd, 
San Jose, CA 95112. Phone (408) 
436-6065. 
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68020 PACKAGE 


@ Executes breakpoints without al- 
tering program under test 

@ fkuns at clock speeds to 16.67 
MHz 


A 68020-specific pod for the compa- 
ny’s pP-development system simu- 
lates the chip’s bus architecture and 
prefetch characteristics at clock 


and flexibility? 


pressfit connectors. 
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Tri-Lok™ pressfit connectors lock in lower cost. 
Want to save assembly time and cost over conven- 
tional connectors? And you want better reliability 


Tri-Lok™ pressfit connectors have all that and more. 
No soldering . . . the Tri-Lok™ contact is inserted 
into the PC board and locks solidly into place 
without degrading the plated thru hole. No cold 
solder joints means better quality and reliability for 
your system. Design flexibility . . 
multilayer boards, backplanes or logic panels are 
easily and economically installed with Tri-Lok™ 


. double sided or 


Lock in Reliabilit 
SAE Pressfit Connectors, 


fa te tt 
eee 


a 
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Reduce installation, replacement and repair costs 
. . . Tri-Lok™ pressfit connectors snap into position 
and require no soldering or mounting hardware. 


To find out more, call us today for complete details. 


Outside California: 1-800-238-9333 
In California: 800-641-6665 


Three contact areas 
conform to thru hole. 


With 


= 


Stanford Applied Engineering 


= 


3520 De La Cruz Boulevard, 
Santa Clara, CA 95050-1997 
(408) 988-0700 
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Superior p 


Introducing the 
8842A digital multimeter. 
Choices. Choices. 
Should you choose the powerful Fluke 
8840A? Or the new, advanced 8842A? 
Depending on the level of performance you 
need, consider this: 


Enhanced capabilities for new 
applications. 

The new 8842A is so technologically 
superior, it can outperform DMMs costing 
twice as much. Its capabilities include 0.003% 


in the family. 


DMM in its class. Like the 8842A, it's simple 
to operate. It gives you long-term reliability. 
And it delivers high productivity with a low 
overall cost of ownership. 


Choose either model for under $1,000. 
The 8840A starts at $795, the 8842A at 
$995. With inexpensive IEEE-488 and true 
RMS AC options available for both models. 
Which one is right for you? The choice may 
not be easy. 
But at least now, it’s a family decision. 


erformance now runs 


FROM THE WORLD LEADER 
IN DIGITAL MULTIMETERS. 


FLUKE 8840A 


FLUKE 8842A 


0.005% basic de accuracy (1 Yr.) 
0.16% basic ac accuracy (1 Yr.) 
0.013% basic ohms accuracy (1 Yr.) 
Resolution to 14 de, 104A de, Ima, 
One-year specifications and warranty 
8840A $795 
8840A-05 IEEE-488 Interface $150 


0.003% basic de accuracy (1 Yr) 
0.08% basic ac accuracy (1 Yr) 
0.008% basic ohms accuracy (1 Yr.) 
Resolution to 100nV de, 144A de, 100.0 
Two-year specifications and warranty 
2A $99 
8842A-05 IEEE-488 Interface $150 


3 


‘ ; 8840A-09 TRMS AC option $195 8842A-O9TRMS AC option $250 
1-year basic accuracy and 100 nV resolution 
for dc voltage measurements. And it incorpo- 
rates exclusive new thin film resistors* for 
a two-year calibration cycle. Call toll-free 1-800-44-FLUKE 
The widely-accepted 8840A on the other (1-800-443-5853) Ask for extension 140. 
hand, offers value unmatched by any other =| LIKE 
® 
* Patent pending 
IN THE U.S. AND NON-EUROPEAN COUNTRIES: John Fluke Mfg. Co., Inc, P.O. Box C9090. M/S 250C, Everett, WA 98206, Sales: (206) 356-5400, Other: (206) 347-6100. 
EUROPEAN HEADQUARTERS: Fluke (Holland) BV., P.O. Box 2269, 5600 CG Eindhoven, The Netherlands, (040) 458045, TLX: 51846. 
© Copyright 1985 John Fluke Mfg. Co., inc. All rights reserved. Ad No. 2801-8842 
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ELECTRICAL ENGINEERS, 
TECHNICIANS, HOBBYISTS, 


EXPERIMENTERS. . . cmos 


These four distinctive, on-the-job hand- 
books provide the most complete elec- 
tronics reference information in the least 
expensive format available today! In the 
form of data sheets and applications notes 
(unique to this series), direct from “prime 
vendor” manufacturer files, each Source 
Book covers a specific family of IC 
devices and is cross-indexed by manufac- 
turer, part-number, functional description 
and suggested application. So economi- 
cally priced, time-saving and easy-to-use, 
these outstanding books will become your 
most invaluable electrical tools. 


Available at better 
bookstores or direct 
from Prentice-Hall, 
(201) 767-5049 or 
(801) 967-3461 


PRENTICE-HALL 
Englewood Cliffs, NJ 07632 


SIMON & SCHUSTER HIGHER EDUCATION PUBLISHING GROUP 
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eliminate : 
i cturing steps wiih 


Design 


= th ought-starters 


weight and 
improve 
strength 


— Unique. 
— characteristics 


of wire 


5-4161 and 
ur project 


: O 
discuss Y + our sales 


with one © 
engineers. 


E.H. Titchener&Co. 
28 Titchener Place 


fd P.O. Box 1706 
. f Binghamton, NY 13902 
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TITCHENER 
Tag 


Phone 607-772-1161 
CIRCLE NO 177 


INSTRUMENTS 


speeds to 16.67 MHz. A complete 
setup includes the pod, the compa- 
ny’s DE-1000 emulator module, and 
a host computer (IBM PC, VAX, or 
MicroVAX). The emulator has eight 
hardware breakpoints. The pod in- 
serts the 68020’s breakpoint op code 
into the wP’s prefetched instruction 
stream in real time without modify- 
ing your program in memory. The 
pod will execute breakpoints re- 
gardless of the width of the data or 
instruction the wP is fetching. A 
68020 pod, DE-1000 emulator, and 
MS-DOS software costs $15,295. 
Emulogic Inc, One Edgewater 
Dr, Brookside Park, Norwood, MA 
02062. Phone (617) 769-2980. TLX 
710-336-5908. 
Circle No 403 


LOGIC ANALYZER 


@ Provides 32 channels and a 
sampling rate of 100 MHz 

® Has 4-level trigger sequencer 
with event count and delay 


You can configure the TA2000 por- 
table logic analyzer to capture 32 
data channels at 25 MHz, 16 data 
channels at 50 MHz, or 8 data chan- 
nels at 100 MHz. The corresponding 
memory depths are 1k bits/channel, 
2k bits/channel, and 4k bits/channel. 
For any configuration, you can set 
four channels to capture glitches as 
short as 5 nsec. The instrument has 
two movable cursors and one fixed 
cursor. You can display 17 channels 
of captured data as a timing dia- 
gram, or you can display all 32 chan- 
nels as a list in binary, hex, decimal, 
or ASCII code. The analyzer has a 
reference memory that you can load 
either from the capture memory or 
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Source, Measure, Connect. A three-word 
synopsis of Keithley’s expertise, dedication, 
and product line. For the past 40 years, we 
have systematically developed instrumen- 
tation that performs at superior levels and 
allows our customers to select a Keithley 
for any test and measurement neech 


Sensitivity, high resolution and low / 
level measurements have always 


been our hallmarks. In the first Gy . 


years of our company, we made 
an electrometer that measured 
in the femtoamp range, and 
we're still the leader in low |b 
level measurements todays /)) %* 
However, it has not only 44... 
been our low level mea- £:;%, 
surement expertise that 
has kept our cus- 
tomers loyal, Our 
customers come 
to us for solutions 
to their measure- 
ment problems in 
research, design and test labs. 


Throughout the seventies and eighties, 
Keithley has become a major factor in 
providing a wide line of test instruments, 
such as high-performance DMMss, scan- 
ners, sources, semiconductor CV meters, 


picoammeters, micro-ohmmeters and 
other more specialized products such as 
the new Hall Effect Card and package 
These are a coordinated set of products 
which enable you to configure complete 
automatic systems without sacrificing 
sensitivity, resolution or conveniences 


A system made up of Keithley instru- 
ments gives you extra convenience, 
. precision and support. Since all 
=. Keithley instruments share a com- 
-“\ mon programming language, 
you get the precise answer 
you re seeking without time 
wasted learning a new lan- 
‘aun, guage for each new instru- 
ment. Keithley products 
are supported with 
application assistance 
by telephone con- 
sultation, com- 
plete documenta- 
tion and detailed 


we’ 


application notes. 


We have the capability to provide solutions 
for your measurement problems. Just 
contact our Product Information Centers 
Keithley Instruments, 28775 Aurora 
Road, Cleveland, Ohio 44139. (216) 
248-0400, 


SOURCE e MEASURE e CONNECT 


KEITHLEY 
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via the RS-232C or IEEE-488 inter- 
faces. Disassemblers for Z80, 8085, 
6502, and 6809 wPs are available 
(16-bit disassemblers are under de- 
velopment). £2950. 

Thandar Electronics Ltd, Lon- 
don Rd, St Ives, Huntingdon, Cam- 
bridgeshire PE17 4HJ, UK. Phone 
(0480) 64646. TLX 32250. 
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CAPACITANCE METER 


@ Provides high-frequency stimu- 
lus for chip capacitors 
@ Tests capacitors in 7 to 19 msec 


Model HP 4278A measures the ca- 
pacitance, conductance, dissipation 
factor, quality factor, and equiva- 
lent series resistance of ceramic and 
film capacitors. Besides supplying 


BASU 


CPU 08/09 with Enlarged Monitor and 
Extensive Selftest Routines (VMEbus) 


male 08: 
© 16 bit CPU with 10 MHz 
(12.5 MHz), 68000 (68010) 
512 Kbyte (1024 Kbyte) DRAM 
Up to 128 Kbyte EPROM 
Enlarged monitor and extensive 
selftest routines 
1 parallel and 2 serial 
RS 232C/20 ma ports 
Programmable timer 
Real time clock 
4 digit alphanumeric display on 
front panel 

@ P2-Piggybacks see below 


CPU 09 

identical features as CPU 08 
except: 512 Kbyte (1024 Kbyte) 
dual ported DRAM 


CPU-Piggybacks-P2 
© FDC (2 - Floppy Disk Controller 
e HDI (1 - High Speed Floppy Winchester 
: Interface (requires WD 1002-05) 

- SASI Interface 
- Direct Memory Access 
- Local Bus Interface 

(Proprietary ) 
- GPIB/IEEE - 488 Interface 
- SCSI Interface 

(Option: DMA 68450) 
@ SIO #8 - 4 Channel Serial Interface 
CPU-Options 
@ FPP @3 - Floating Point Processor 68881 
© MMU @1 - Memory management unit 
with 68451, 68010/10 MHz 
Memory management unit 
68451, 68010/10 MHz 
incl. 68881 FPP 
Memory management unit 
with 2 68451, 68010/10 MHz 


SAS 2 
DMA @1 
LOC 61 


IEC @2 
SCS @1 


© MMU (2 - 


© MMU 93 - 
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Marketed in the US by: 

Dage Precision Industries Inc. 

PO Box 120A, Santa Clara CA 95052 
Ph. (408) 727-1932 


European Headquarters: 

MicroSys GmbH, Anzinger Str. 1 
D-8000 Munich 80, Ph. (89) 63801-0 
TLX 5213288 mibad 
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the usual, relatively low, capaci- 
tance-meter test frequency of 1 
kHz, the tester offers an optional 
1-MHz test frequency. The test sig- 
nal ranges from 100 mV rms to 1V 
rms in 100-mV steps. The maker 
claims that the instrument can test 
a capacitor in 7 to 19 msec. The 
tester specs 0.05% accuracy for ca- 
pacitance measurements and 
0.0002% accuracy for dissipation- 
factor measurements. The instru- 
ment sports an LCD. An interface 
to a device handler or to an IEEE- 
488 system is optional. $7000. Deliv- 
ery, six weeks ARO. 
Hewlett-Packard Co, Inquiries 
Manager, 1820 Embarcadero Rd, 
Palo Alto, CA 94303. Phone local 
office. 
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MIXED ATE 


© Handles mixed-signal devices 
® Generates digital stimuli at 25 
MHz, analog stimuli at 10 MHz 


The A500 analog-digital ATE tests 
semiconductor devices, such as dig- 
ital-signal processors or digital TV 
chips, that have both digital and 
analog functions. The tester can 
have 80 digital I/O pins and 16 ana- 
log I/O pins. You can choose from a 
variety of digital-vector memories 
and arbitrary-waveform generators. 
For example, a 256-kHz waveform 
generator features a 100-dB signal- 
to-noise ratio. The fastest digital 
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Jeff Zurkow, President of Avocet Systems 


Avocet offers an entire line of low-cost 
microprocessor development tools. 


Target Microprocessor 
Families Supported 


1802/1805 68000/68010 COP400 
6502/65C02 68020 HD64180 
6801/6301 8048/8041 NEC 7500 
6804 8051 TMS-32010 
6805/6305 8085 TMS-32020 
6809 8096 Z8 
68HC11 F8/3870 Z80 


Host Operating Systems 
CP/M DOS VAX Unix VAX VMS 


AVMAC Macro 
Assemblers..............from $349 
AVSIM Simulator/ 

Debuggers ..............from $299 


Other Development 
tools .............Call for full catalog 
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AVSIM eliminates bugs without 
sinking a big investment. 


Stop blasting EPROMS just to see if your code 
is debugged. Avocet has the best way to test 
microprocessor code on your PC or VAX. We 
call it AVSIM, the simulator/debugger. Each 
AVSIM package provides detailed software 
simulation of a family of CPU’s. Check the 
chart—the one you need is probably just a 
phone call away. 


Fully interactive, so you’ll never 
crash beneath the surface. 


All code generated by Avocet’s assemblers can 
be loaded and exercised interactively, with all 
the features you need to catch bugs. And you 
won't have to worry about crashing AVSIM with 
a program fault. Whether it’s a jump to nonex- 
istent memory, a stack overflow or an unex- 
pected interrupt, AVSIM traps them all. And 
then it lets you undo instructions until you find 
what went wrong. 


Call 800-448-8500 or 207-236-9055. TELEX 
467210 AVOCET CI. FAX 207-236-6713. 


Avocet Systems Inc., 120 Union St. 
P.O. Box 490, Rockport, ME 04856 


AVOC 
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From the best family of PC tools 
for microprocessor development. 


We’ve been developing software for PC’s since 
before there were PC’s. Avocet has developed a 
reputation for technical excellence and great 
service. From assemblers to EPROM pro- 
grammers to debugging tools, we’ve been 
expanding your development capabilities 
without torpedoing your budget. 


Try before you buy. And we'll 
ship in less than 48 hours. 


You probably need your AVSIM simulator/ 
debugger right away. And that’s when you'll get 
it. When you order it, we’ll also send you a com- 
plete demonstration kit for the simulator and 
our AVMAC macro assembler. Try the demo 
for thirty days—if you aren’t completely 
satisfied, we’ll refund your purchase price, less 
$35.00 for the demo disk. That’s yours to keep, 
which is a good deal by itself! 

So come aboard with Avocet. Our crew is 
experienced, knowledgeable and helpful. After 
all, you know the old saying, “‘Accept no 
sub-stitutes.” 
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source runs at 25 MHz (50 MHz 
mulitplexed), and the fastest analog 
source runs at 10 MHz. The proprie- 
tary tester software runs under 
Berkeley Unix 4.2. $850,000 to 
$2,000,000. 

Teradyne Inc, 321 Harrison Ave, 
Boston, MA 02118. Phone (617) 482- 
2700. TWX 710-321-1055. 
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DIGITAL THERMOMETER 


@ Unit fits in shirt pocket 
@ Measures room temperature as 
well as probe temperature 


The DT-160 pocket-sized digital 
thermometer measures 0 _ to 
159.8°F. It has a temperature sen- 
sor mounted on its front panel. The 
sensor allows you to select a display 


ALREADY HAVE 
THE CATALOG 
YOU NEED 


More than 1300 American manufacturers publish their product cata- 
logs in Thomas Register. That adds up to seven volumes filled with 
catalogs. With more than 8000 pages containing electronic products 
and a wide range of other industrial products that you specify and 
buy. So check your Thomas Register Catalog File (Volumes 15 thru 
21) before you write or call for a catalog, and you could save days or 
weeks in getting the information that you need. 

If you don't have the latest Thomas Register in your depart- 
ment, use the reader service card for subscription information. Or 
call Toll Free: 1-800-535-3232 Ext. 99. 


Thomas Register of American Manufacturers 
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of room temperature or probe temp- 
erature. The unit also has a built-in 
clock and a built-in tilt stand. You 
can program the unit to sound an 
alarm if it senses temperature ex- 
cursions beyond either of two preset 
limits. $45. 

A W Sperry Instruments Inc, 
245 Marcus Blvd, Hauppauge, NY 
11788. Phone (516) 231-7050. 
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CHART RECORDERS 


® Make traces in four colors 
® Can have as many as eight ana- 
log channels 


The 3000 Series direct-writing, 
strip-chart recorders and the com- 
panion 5600 Series signal condition- 
ers permit recording in as many as 
four colors: blue, red, green, and 
black. Thermal writing is optional. 
The instruments are available in 2-, 
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¢@ PLASTIC 


¥ MULTICONTACT 


#@ HIGH VOLTAGE 


FOOOQO.S OPOGOOGSO 8 OOOO> 


CUSTOM DESIGN A 


<¢ CABLE ASSEMBLY 


es Gi 


MULTICONTACT @ MIXED @ COAX @ TRIAX @ HIGH VOLTAGE 
THERMOCOUPLE @ ENVIRONMENTAL @ FLUIDIC/ PNEUMATIC = 4 LEMME 1 / MIS 


AUDIO VIDEO @ FIBER OPTIC @ NUCLEAR @ HERMETIC ELECTRONIC CONNECTORS 


PLASTIC @ CABLE ASSEMBLIES @ CUSTOM DESIGN SHOICE 
, es = | For technical data and catal th f 
LEMO connectors feature the unique “Quick-Lok” self-latching cal rearanent sic alesse Cade wate 
quick connect-disconnect positive locking mechanism, gold LEMO USA, INC. 
plated contacts and rugged, space saving design. Bao a cart Santa Rosa, CA 95406 


telex 340-933, telefax 707/578-0869 


For more information see EEM. 
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AMERICAS BEST 
PROGRAMMERS 


Z-2500B IN-CIRCUIT 
MEMORY CARD PROGRAMMER 


e Programs and tests up to 32 customer 
memory cards populated with EPROMs or 
microcomputers at a time. 


e Two 1.2 Mbyte DSDD floppy disk drives. 
Optional 20 Mbyte hard disk. 


@ Simple menu driven operation. 


e Turnkey systems include programmer, ter- 
minal, custom interface hardware and soft- 
ware. 


Z-3000 HIGH VOLUME 
GANG/SET PROGRAMMER 
14000 27256’s programmed per day. 


32 EPROMs simultaneously with 1 to 8 
DATA BLOCKS. 


16 Intel or Motorola MCUs ata time. 
64K to 256K bytes of DATA RAM. 


Z-1200B TWELVE SOCKET 
GANG/SET PROGRAMMER 
2716 —- 27512, 1 to 4 DATA BLOCKS. 
64K to 256K bytes of DATA RAM. 
Software personality. No plug-ins. 


Z-1000B UNIVERSAL 
PROGRAMMER 


Over 600 PLDs, EPROMs, EEPROMS, bi- 
polar PROMs and INTE! MCUs. 


Upgradeable PROM based software. 
Stand alone or PC/XT/AT operation. 
Two independent RS-232 ports. 

64K or 256K bytes of DATA RAM. 
EXATRON handler interface is standard. 


ZAP SERIES low cost programmers for 
EPROMs and single-chip MCUs. 


Z-400 for bipolar PROMs and EPROMS. 


SUNRISE ELECTRONICS, INC. 
524 South Vermont Avenue 
Glendora, California 91740 

(818) 914-1926 
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TEST & MEASUREMENT INSTRUMENTS 


4-_ 6-, and 8-channel versions and 
are fully programmable over the 
IEEE-488 bus. Their charting 
speed ranges from 0.005 to 500 
mm/sec. You can record 2, 5, or 
10V/channel max without signal 
conditioners. The instruments are 
99.65% linear, and they have a 
4-msec rise time. $3600 (2-channel 
version) to $10,000 (8-channel ver- 
sion). Delivery, 30 to 60 days ARO. 
Gould Inc, Test & Measurement 
Div, 3631 Perkins Ave, Cleveland, 

OH 44114. Phone (216) 361-3315. 
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68000 DEBUGGER 


@ Checks high-level code on 
emulator 
@ Also functions at assembly level 


The Validate/Xray debugging soft- 
ware package works with 68000- 
family wP code. The debugger al- 
lows you to set breakpoints and 
single-step programs written in 
high-level code. The package works 
with the Microtec Research (Santa 
Clara, CA) C compilers and runs on 
the Applied Microsystems ES 1800 
Series in-circuit emulators. It lets 
you monitor the stack’s frames and 
debug assembly-level code. $3500. 
Applied Microsystems Corp, Box 
97002, Redmond, WA 980738. Phone 
(800) 426-3925; (206) 882-2000. TLX 
185196. 
Circle No 409 


SUPPLY TESTER 


@ Provides 30A ac 
@ Can supply 280V ac 


The Model 808 power-supply tester 
provides as much as 30A ac at volt- 
ages to 280V ac. Using a built-in 
waveform analyzer and 5'4-digit 


voltmeter, the tester measures rms 
voltage, rms current, inrush cur- 
rent, positive and negative peak cur- 
rent, true average power, and 
power factor of a power supply 
under test. The system also includes 
eight electronic loads that can dissi- 
pate 2 kW each at 25A. You can 
control the tester with an IBM PC. 
$40,000. 
3H Industries Ine, 1289 
Hammerwood Ave, Sunnyvale, CA 
94089. Phone (408) 446-9417. 
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PLD PROGRAMMER 


@ Upgraded version handles a 
wider variety of PLDs 

@ Also available in a version that 
works with device handlers 


The Model 60 logic programmer 
works with PLDs from Altera, Cy- 
prus, Lattice, Sprague, and Texas 
Instruments. The programmer han- 
dles 20- and 24-pin PALs and 20-, 
24-, and 28-pin IF Ls (integrated 
fuse logic); it uses algorithms certi- 
fied by the chip makers. The Model 
60H interfaces with device handlers 
and compensates for the cable nec- 
essary to connect a handler’s test 
head to the programmer. Model 60, 
$2495. 

Data I/O Corp, Box 97046, Red- 
mond, WA 98073. Phone (206) 881- 
6444. TLX 152167. 
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This advertising is for new and current products. 


Please circle Reader Service number 
for additional information from manufacturers. 


ELECTRONIC — ; a | Yours Free 


ENGINEERS TECHNICIANS H 
MANAGE e tahess ra ...our newest LVDT design 
| guide and catalog. 


_ [PARTLISTER 


: GENERATES ERROR FREE REPORTS 
Parts Listing Summary Bill of Materials 


= toy to Learn Easy to Use Well Documented 
DATA FIELDS INCLUDE 


ae Reference Designator Mil Spec Number 
_ Part Type/Value Preferred Manufacturer 
: Company Part gs, ee (Comments) VME ASYNC COMMUNICATIONS 


CONTROLLER 
—@ 16 Async RS-232C Serial i/O Ports..... - 
« 100iz GO _  tt#t‘=RA..... 
e 512KB RAM, 256KB Dual-Ported....... oe 
e Intelligent Terminal \/O Firmware........ 8 
e Up to 38.4K Baud per Channel............. - 


ea « «ok o* * peg ie ae eg ae ae ake 


Add $3.00 cooled and Handling 
(In California add 6.5% sales tax) 


rKing p 
us now 8: fast solutions 
to your OEM requirements. 


Send check or money order to: — e Up to 9600 Baud on ali i6 Channels.......... | 800-323-71 15 
| _ LIVEWIRE SOFTWARE e UNIX System V Device Driver............ | 1 ii @ In PA, 800-323-7114 
ta IRE PO. Box 773 e Multibus-l or VME Bus Interface............. . 
; © Pacific Palisades, CA 90272 PASCOT INC. and TADPOLE TECHNOLOGY PLC, _ tegen 
a.) SOFTWARE (213) 454-4492 17981 SKYPARK CIR, STE-B, IRVINE, CA 92714, Robinson-Halpéern 


| 714-261-5220. 
_ CIRCLE NO 235 , oe __CIRCLE NO 236 


DESIGNED WITH | eo Ge ee ee SOLENOID 


yD 300+ Ic’s eavthaicoeastes dia 
“IN TWO WEEKS! Engineering Manual 


: 1 is today ’s highly competitive electronics market, 
1 companies with the shortest development cycle will 
| | lead the market. At CDI-West we provide a develop-- 
| | ment process shorting design time, increasing 
| | quality and saving money. 

| |  CDl-West is the largest CAD/CAM facility in 
1 California providing full E/M design and tooling. 
| | Our specialty is to provide fast turn-around of digital 
| | circuits with our CBDS PCB design system. We will 
| | take your Daisy, FutureNet etc. CAE netlist into our 
| | large IBM mainframe. Sizeable, high-density PCB's - 
| | are placed, routed automatically, correct to your in- 
| | put specifications. We design to IPC and MIL- 
| | P-55110P standards and provide full documenta- 
| | tion. We also Provide Hybrid and SMT circuit 
1. design. 

ot. For More Information conte’ 
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Electronic Circuit Analysis 
ECA 2.2 is a high performance analog circuit — 
- simulator with AC, DC, Transient, worst-case, 
Fourier and Monte-Carlo analysis. A full nonlinear 
~ simulator, including nonlinear capacitors and induc- 
tors. Parts can vary over tolerance range andalso : — 
with time, temperature, or frequency. Includes / ee. 
macro-models, complex y-parameters, transmission =| ; _ 
lines, and the ability to sweep components over a 
range of values. Easy to use. Fully interactive, and 
also batch mode. Analyze circuits bigger than 500 
nodes. Runs on IBM-PC/XT/AT and campatibles. 
_ ECA 2.2-$675. EC-Ace, a subset of ECA-2.2-$330. 
_ Demo disk available. 


Send for the latest 68-page Solenoid Engineering Manual from Delitrol * 
| Packed with useful information including performance data, stroke/ 
force curves, selection factors ¢ Industry's broadest range of miniatures, — 
C frames, D frames, power surge, and tubular solenoids. 


| | Svsonorcorcomponeton | TATUM LABS DELTROL Sk: 

| ott Bern Court San Jose, CA eles P.O.BOX698 ~~ pontrals | Milwoukee, Wi 53215 

_ (408) 287-9140 SANDY HOOK, CT 06482 aie \ one 14671-6800 
(203) 264-3755 Z 4505 /ISION OF DELTROL CORP. 
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COST-EFFECTIVE 
OPTOELECTRONIC SENSORS 
Sprague 3-pin optoelectronic ICs are easy-to- 
use switches and linear sensors for many ap- 
plications including low-light detection for op- 
tical encoders and couplers and emergency 
lighting, and twilight detection for street 
lighting. Supplied in clear-plastic packages 
and in metal cans with glass end-caps. Several 
pinout options. Write for Engineering Bulletin 
27480C and Data Sheet 27482 to Sprague 
Electric Company, 41 Hampden Road, P.O. 

Box 9102, Mansfield, MA 02048-9102. 
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SLICE® 
MICROPROCESSOR 
DEVELOPMENT © 
TIME BY 40% 


DE-1000 


@ portable, independent, easy-to-use development system 
works under MS-DOS, PC-DOS, VMS, Micro-VMS, 
UNIX, and XENIX. 

@ SLICE - source langage in-circuit emulation - non- 
intrusive symbolic de-bug package for C and assembly 
level code. 

@ universal - supports various families: 8086, 8088, 
80186, 80286, 68000, 68010, 68020, 68008. 

@ extremely powerful breakpoints, triggering, and trace 
Capabilities on C, assembly, and bus cycles. 

@ on-line HELP available. 


It’s the world’s best microprocessor development system. 


oO us to prove it. Call 1-800-435-5001 or 617-769- 
2980. 


EMULOGIC 


One Edgewater Drive, Brookside Park 
Norwood, MA 02062 
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A MANUAL FOR 
rariptaonnrtens FOR SMT 


CAD/Manual Delon 
SMT/Mixed Tech Designs 
Package Specs 

Land Patterns Rules 
Product Analysis 


Substrate & Thermal 
Considerations 


Test & Assembly 


e PLUS COMPLETE SET OF DESIGN RULES 
PRICE - $350.00 
The most complete and current guide to designing for 


manufacturability with nine chapters, over 250 pages and 
graphic illustrations. CALL NOW FOR FURTHER INFORMATION. 


SURFACE MOUNT. 
TECHNOLOGY PLus 


Specializing in SMT Design Services and 
its widely acclaimed training programs. 


(408) 287-1247 1786 Technology Drive, | 
San Jose, CA 95110 
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Mil. Spec. IC decoupling 

MICRO/Q Mod 2 capacitors conform to 
_ MIL-C-39014D, STD 202F. Construction 

seals out moisture and humidity. 
Capacitance: .01pnF to .30uF. Achieve 
noise control, reduce noise spikes, in 
conditions from — 55°C to + 125°C. Mount 
under DIP IC's to save we was 30% board 
space. 


Rogers So 2400 s. ‘Rocce. 
Tempe, AZ 85282. 602/967-0624. 
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IEEE-488 CONTROL FROM YOUR PC. 
LJ Emulate hp and Tektronix controllers. 
_] Fast and easy-to-use. Thousands sold. 


C] Program in BASIC, C, FORTRAN, or Pascal 
L] Hardware and software - $395 complete. 


Capital Equipment Corp. 


CEC 99 South Bedford St. 
y Burlington, MA. 01803 


Call today 617-273-1818 
__ CIRCLE NO 245 


IN = CIRCUIT EMULATOR 


* Connects to IBM- -PC/XT/AT via RS-232 port 

e Emulates 8051/52/31/32/59 and CMOS versions 

e Real Time, non-intrusive emulation up to 16 Mhz | 

¢ Real-time Trace Buffer (2k * 72 bits wide) 

® Complex hardware Events with loop counters 

¢ Windows for SFRs, Internal & External Memory with mouse support 

¢ Program performance analysis & activity monitor 

e Symbolic debugging, assembly & disassembly 

e Supports PL/M-51, ASM-51, C-51 and most assemblers 
_ © Prices start from $3,795. 

* 8048/49/50 models available $2,500. 


-SIGNUM SYSTEMS 


1820 14th Street, Suite 203 
Santa Monica, CA 90404 (21 3) 450-6096 
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To advertise | in Product Mart call Joanne Dorian, POIBTE-BOIS 


- 6800-Family Development Software 


Combine our software and your editor for a powerful develop- 


ment system. Our C-Compilers feature a complete implemen- 


| tation (excluding bit fields) of the language as described by 
| Kernigan & Ritchie and yields 30-70% shorter code than other 

compilers. Our Motorola-compatible Assemblers feature — 

/ Macros and conditional assembly. Linker and Terminal 

| Emulator are included. Wintek Corporation, 1801 _ 

South St., Lafayette, IN —_ sa MeO or 


(317) 742-8428. - 
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. ta’ 
-For A Lit le 
Reach 137,000 
specifiers of electronics 
components, equipment, 


and systems for — 
begs. $725. 


EDN Product Mart 
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DC Network Analysis 872.95 
XFER — Transfer Function Synthesis 
seers $72.95 maculata 872.95 


PLOTPRO — 
TEKCALC — Scientific Calculator | scientific Graph Printing $72.95 


Program 
Screen graphics/ 
eons «= 872.95 


COMCALC — Communications 
ign Spreadsheet 


2.200 rules sf Egan 597, 95 


BV gineering tim 
Professional Software (74. 4) 784 0252 
escort Suite 207, Riverside fe. CA 92501 USA 
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UNIX/PC-DOS ENGINE 


XK-186, A FAST, COMPLETE 
SINGLE BOARD COMPUTER 


$595" 


Runs PC-DOS and 
Unix workalikes 


10 MHz - 


80186 Processor 


512 KB RAM 
Standard — 


to 1 MB 


RISK 
FREE 
TRIAL! 


Call and ask 
about our risk free 
evaluation. 


disk support 


Includes 2 serial 
ports, floppy disk 
interface, centronics 
ports, expansion interface 
and battery-backed clock. 


5 CARNT... 


(41 5) One Waters Park Drive, Suite 101 


345-4040 San Mateo, California 94403 USA 


Telex: 756224 
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CY525 3rd generation 


STEPPER MOTORCONTROLLER 


most intelligent controller offers 
linear ramping, 10,000 steps/sec, 
unlimited stepping, change 

rate on the fly, read 

position on the 

fly, and 


much 


more. 


CY512 

compatible, 

40 pin, +5 volt _/ 
TTL, 8 bit I/O interface 

to ucomputer. $195 ea ($80/100)- 
Prototyping board available. 


ws 
Cybernetic Micro Systems 
P.O. Box 3000, San Gregorio, CA 94074 


(415) 726-3000 Telex: 171-135 attn: Cybernetic 
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SYSTEMS 
ntel & BOARDS 
SYSTEM 310, 330, 380 

from $1500 


* Options, upgrades, spares , parts, repairs in stock 


SERIES Il, lll, IV, MDS-800 
PDS-IX from $299 


*ALL Options and Upgrades & Parts available 


ICE 49A, 51, 80, 85B, 86A 


88A, 286 from $349 


SBC and SBX_ boards 
from $49 


MULTI BUS™ products from: 


Zendex, NSC, AMD, DTC, Callan, Interphase, **= 


intel, zend 
634 N. 8th Street ‘Forze oe 


San Jose, Ca, 95112 Istered trademarks 


408-993-9011 
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no wait state, 16 Bit 


expandable 


@ Full hard 


De-solder Quad Packs 
in 2-4 seconds 


the 

Leister 

Labor 'S' 

hot-air solder tool 

that can perform high reliability 
contact-free soldering of electronic 
components and desolders the same 


with ease. For more information 
and prices, contact: 


brian r. white company, inc 
313 henry station road. ukiah. 
calif. 95482 (707) 462-9795 


eatontown, nj (201) 544-1212 
akron, ohio (216) 253-4044 
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FORTH 


_INSE RUMENTATION 
—- GPE UTER 


A powerful control computer based on the new Hitachi 
6303Y and high level language Forth. 100mm x 72mm. 
30K bytes RAM, 16K dictionary RAM/PROM, 256 bytes 
EEPROM, 16K Forth. You can attach 64 key keyboard, 
LCD and 1?C bus peripherals. Built in are interrupts, 
multitasking, time of day clock, watchdog timer, full 
screen editor and symbolic assembler. 32 parallel and two 
serial ports. Single power supply and low power 3mA 
OPERATIONAL mode. Buy direct from England. $295 
inc airmail. Phone + 44-1-520-0442. 
Triangle Digital Services Ltd 
100a Wood Street, London E17 3HX 
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library. Requires AutoCAD to run. 


PRO. LIB, Inc. 
624 E. Evelyn Ave., Suite F 
Sunnyvale, CA 94086 
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AutoPCB will Auto-Route your Printed Circuit 
Board with mainframe class performance at only 
$2,500 (1 hr. 30 min. for 250 IC circuit w/95% com- 
pletion). It features Schematic Capture, Netlist, parts 
list, parts placement, Rat’s Nest, Multiple Routing 
Strategies, fine line, 45 deg. turn, Ripout and Re- 
route, SMT, 24 trace layers, 60” x 60”, can handle 
3000 IC Board, buried via, 4,500 generic parts in 


Tel. (408) 732-1832 Telex 9102406289 Prolib UQ 


MULTIBUS: 


Your Time Has Come! 


The mSBX-241™ 
Multimodule is a 
robust, precision Real- 
Time Clock/Calendar 
in SBX format with on- 
board battery backup. 


General Features: 


CJ For high performance systems: 

no wait states or software overhead 
_] Attaches to all SBX and BLX compatible Multibus boards 
(] Programmable alarm clock and periodic interrupts 
_] 12 or 24 hour time modes, in both BCD and binary format 
LJ Internal 100 year calendar with leap year compensation 
L] Selectable automatic Daylight Savings compensation 
_] Contains fifty bytes of general purpose non-volatile RAM 
(] RMX-86/286 drivers supplied on diskette 


For more information contact: 


Medinova Corporation 


Intelligent Systems Group 
244 West Court, Palatine, Illinois 60067 
Telephone (312) 934-4700 


Multibus, Multimodule TM Intel Corp. 
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Glide Through PCB Design 
With Tango-PCB. Just °4 5, 


Create the tee board designs with powerful layout 
software that’s a snap to use. Function-rich Tango-PCB 
supports eight layers, true power and ground planes, 
OrCAD™ or Schema™ netlist input, and more. For IBM 
PC/XT/AT. Compare features and you'll buy Tango-PCB. 
Just $495. Or try full-function Demo Package, just $10. 
Thirty-day money-back guarantee. Order toll-free: 

800 433-7801 In CA: 800 433-7802 VISA/MC 


ACCEL Technologies, Inc. y™ 
7358 Trade St. JangoPul Tt b 
san Diego, CA 92121 
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Quelo® 68000: rte 


Quelo Assembler Packages are Motorola compatible. 
Each package includes a macro assembler, linker/ 
locator, object librarian, utilities for producing 
ROMable code, extensive indexed typeset manuals 
and produces S-records, Intel hex, extended TEK hex, 
UNIX COFF and symbol cross references. Portable 
source written in ‘‘C’’ is available. It has been ported to 
a variety of mainframes and minis including VAX. 


68020 Assembler Package 
For CP/M-86, -68K and MS/PC-DOS ........ 


68000 ‘‘C’”’ Cross Compiler 
For MS/PC-DOS by Lattice, Inc. 


With Quelo 68000/68010 Assembler Package $1095 
With Quelo 68020 Assembler Package ...... $1250 


Call Patrick Adams today: Quelo, Inc. 

2464 33rd W. Suite #173 

Seattle, WA USA 98199 
Phone 206/285-2528 


Telex 910-333-8171 


COD, Visa, MasterCard 


Trademarks: CP/M, Digital Research; MS, Microsoft Corporation; Quelo, 
Quelo, Inc. 
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¢ For PC XT/AT or 
compatibles 
¢ Routines, se- 
quences and 
terminology 


Join Forces 


Combine your 
larger ads with 
EDN Product Mart ads 


%@ similar to HP-85 for a total 
|* Won't ‘hang up — s marketing program. 
bus during use ; 
* BASICA, as- HYBRID ISO-AMP WITH 10KV BARRIER EDN Product Mart 


sembly language, Ideal for medical patient monitoring applications, 
the HVI-982-001 isolation amplifier features 7KV 
(constant) and 10KV (pulsed) isolation, 140 db 
CMR, 0.10% max. nonlinearity, 30 KHz BW @ 
unity gain, active guard drive, DC restoration, pro- 
grammable gain, I/O offset nulling, and differen- 
tial inputs. Built-in DC-DC converter provides 
+15VDC @ 30mA output. Meets UL-Std 544. 
$131.00 (100). Integrated Circuits Incorporated, 
10301 Willows Road, Redmond, WA 98052, 
206/882-3100 or FAX 206/882-1990. 


Microsoft & Lattice C and compiled 
basic support packages available 


Need additional information on pricing, 
volume discounts, or technical information? 
Call us toll free at (800) 227-7317 


re In Ohio (216) 349-3444. 
Sf 6200 SOM Center Rd. Suite C23 


ELECTRONICS Solon, OH 44139 
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Schematic Capture 


STD BUS USERS! 


Software $100 


The Schematic Capture Software from AMS is the 
first integrated software package which runs on 
IBM PC and PC Compatible Computer(s) and is 
priced at only $100 


* Powerful Editor allows copy, add, delete & move 
e A through D size drawing capability 

¢ Three level(s) of zoom capability 

© Uses keyboard and/or MOUSE 

© Over 1000 library parts 

© User can add new library parts 

© Creates net list (FUTURENET, RACAL-REDAC) 

© Prints bill of material 

© Supports IBM, EPSON, TOSHIBA, OKIDATA 
PRINTER H.P. & Houston Instrument Plotter 


e PCB Layout $250 Available Soon 


The 890 Z80A Multifunction CPU card is an 
integrated hardware/software solution for 
industrial control applications. 
* STD BASIC™ —Resident, ¢ 8 digital I/O lines 
fast, floating point BASIC * 16K static RAM 


* Generates ROMable code _— + Status LED 
* 4 MHz Z80A processor * Object Code Debug 


CMOS 80C88 SINGLE BOARD 
STD BUS COMPUTER 


Features the 16-bit 8088 with 8087 coprocessor 
socket and 1 Mbyte addressing, On-board functions 
include 2 JEDEC 28-pin memory sockets for up to 
128K bytes of RAM. EPROM, or EEPROM. Includes 
one RS-232/RS-422 serial port, 8259A interrupt con- 


: * 128K of memory addressin Monitor 
DEMO DISK $10 troller, 3 16-bit counter/timers, SBX connector, and 7 9 : 
$ Watchdog timer. Available in NMOS/TTL or CMOS * Dual RS-232C serial ports —_+ Peripheral cards 
AC 2780 S.W. 14th Street from * 4 counter-timer channels available 
oe mn Ss Pompano Beach, FL 33069 WinSystems, Inc. * Auto run capability * 5 year warranty 


Call 303-426-8540 For Immediate Response 


» OCTAGON SYSTEMS e610 w. gist Avenue 
= CORPORATION Westminster, CO 80030 
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PO Box 121361 
Arlington, TX 76012 
817/274-7553 
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800-9PC-FREE 305-975-9515 
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Want 
Attention From 


137,000 
UNIVERSAL EPROM PROGRAMMER KIT $99!! Engineerin 


e On board power supply, 110/220 VAC: Specifiers? 
¢ Menu selection; No personality modules; ¢ 


¢ Built in monitor for easy I/O debugging; 

e User friendly softw; Full tech. support; A 

¢ Detailed 50 page manual with schematics; Place your ad in 

° Quick pulse alogrithm: 27256 under 60 sec EDN Product Mart. 

e All 24/28 pins to 27011 & CMOS E(E)PROMS 

¢ Micros: 8741,2,4,8,9,51,52,55,9761 & CMOS 

e Auto baud RS232 to 19.2k; Free PC drivers 

e Ofset/split Hex, Binary, Intel & Motorola 8, 16 & 
32 bit files; Cased 1409C-34 $599! 


B&C Microsystems 
6322 Mojave Dr. San Jose CA 95120 
Ph (408) 997-7685 Tx 4995363 Visa & MC 
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“EPROM 
_ PROGRAMMER 
$349 


The EP-1 is a great value, here’s why: 
¢ IBM PC Software included or RS-232 to any computer 

¢ ASCII Command driven operation; All intelligence in unit 

¢ Reads, Programs, Copies over 150 types from 2716 to 27512 

© Optional Intel microcontroller programming head 
-@ Menu-driven Chip Selection; No Personality Modules 

e Fast, Slow, Quick-Pulse Programming Algorithms — 

¢ Intel (8080 & 8086), Motorola, Tekhex, Straight Hex Files 
Splits Files by Base Address and Odd/Even (16 bit systems) 

© Gold Textool ZIF IC socket © Full One-Year Warranty 

- @ Generate & Set Checksums — ®_: 5, 12.5,21,25V Programming 

© Over-Current Protection e UV. Erasers from $34.95 

© 8 Baud Rates 300 to 38,400 e Same Day Shipment 


MICROSYSTEMS 
10681 Haddington, #190 / Houston, TX 77043 
713) 461-9430 (800) 225-2102 
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Small Space 
Advertising 
For Big 
Results 


# 
EDN Product Mart 
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—6Onlya Specialized Manufacturer Could Provide 
Versatile and Economic Products 


iE with more than 11 years’ experience in this field, we | 
: proudly offer you various types of conductive silicone | 
rubber pads, rubber pads with multicolor and screen | 
inting, silicone rubber overlay, rubber pads with 

screen printing on plastic keytops, 0 rings, washers, | 
ps, tubes, etc., and screen printing flexible 
boards. Please contact us for more information. 


» GENERAL SILICONES co. USA 
650 W Duarte 305, Arcadia CA 91006. U.S.A. 
‘Tel: ne 445-6036. Telex: 3716189 MCU. 
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_ MODULAR 
DATA ACQUISITION 


e For IBM & Compatibles 
e Flexible and Inexpensive 
e Money Back Guarantee 
e Free Technical Support 


Fast Delivery 
QUA TECH, INC. 


478 E. Exchange St. Akron OH 44304 
(216) 434-3154 TLX: 5101012726 


CIRCLE NO 269 


At only $975, no electrical engineer 
can afford to be without this end-to-end 
circuit design, simulation and PCB layout tool. 

You can pay up to 15 times more and still not get all 
the features offered by EE Designer—Schematic 
Capture... .Circuit Simulation...PCB Layout. — 

30 day money back guarantee. Full purchase price 
refunded if not completely satisfied. 
Call 1-800-225-5669 


today to order your iv. iba uita ua 

package. Bank cards 1284 Geneva Drive 

welcome. Sunnyvale, CA 94089 
CIRCLE NO 272 


PC. AT BUS RACKMOUNT COMPUTER wits BUILT. IN MONITOR 
FOR INDUSTRIAL AND LABORATORY APPLICATIONS 


ST-1000 is a fully AT compatible computer with 10 MHZ T CPU plug-in Card with CMOS 


VLSI chips, and a passive backplane to provide easy serviceability and high reliability. 
The standard features are: 

e 19” rack-mount or tabletop rugged light weight enclosure 

e Built-in 9” amber high-res (720 x 348) monitor with graphics card 


_ e 20MB shock mounted Hard disk, 1.2MB high density floppy drive 


e 1MB RAM, Serial and Parallel ports 
e Positive pressure cooling, replaceable air filter 
200 watt power supply, 110/220V auto-switchable 
e Designed to meet following environmental specifications: 
Operating Temp: 10 to 40 degrees C, Humidity: 10 to 90% non-condensing, Vibra- 


tion: .01” double amplitude at 5-S5HZ, 1.5G at 55-500HZ, Shock: 2G, at 10ms, © 


operating; 20G, at 10ms, storage. 
e Keylock ON/OFF switch for security, Keyboard rackmount shelf 


~ Some of the optional features are: « 80386 enhancement Color Monitor withCGA 
or EGA « Custom Configurations. For further details, contact !.B.1. SYSTEMS, INC., ee 


6842 NW 20 AVE, FT. LAUDERDALE, FL 33309, 305-978-9225 
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IBM PC to HP 


file interchange ! Ny 


1. PCLIF (Rev 2.5) - New release of 
the software utility that allows 
the transfer of files between an 
IBM PC and HP computers using 
floppy disks. 

e 5.25" transfers don't require 
any additional hardware ! 
e 3.5" disk transfers require 
an ISS FDD35 drive oT 
e runs on the IBM PC, aS AT 
and the HP Vectra. 
2. FDD35 —- An external 3.5" Dee 
floppy disk drive system for” ‘the 
IBM PC and XT. 
@ easy connect to IBM PC disk 
drive controller. 
e can be used by DOS and PCLIE 


INNOVATIVE SOFTWARE SYSTEMS 

1611-D Crenshaw Blvd. Suite L222 
Torrance, CA 96569. 

(213) 544-2465 
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Schematic-Capture Software e 
from Wintek | : 


Create and revise schematics quickly and simply with HiWIRE 
-and your IBM PC. With a click of the mouse button, select a 
symbol from our extensive library; with a few more clicks, modify 
our symbols or create your own. Netlist, bill-of- materials, an 
smARTWORK® cross-checking utilities are included. HIWIRE 

is $895 and guaranteed. 


Wintek Cofporation 
~ 1801 South St., Lafayette, IN 47904 
(800) 742-6809 or (317) 742-8428 — 
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FREE DEMO DISK 
SCHEMA is acomplete, integrated schematic draw. 
_ ing software package for IBM Personal Computer: 
-Use SCHEMA with your PC to draw schematics 
automatically generate design documentati 
_as Wire and Net Lists, Bills of Materials, Des 
Checks, etc. SCHEMA is $495 and support st 
common PC hardware configurations. Call or wri 
today for a free demo disk and brochure. © 


OMATION INC. 
1701 N. Greenville Ave., Suite 809 
_ Richardson, TX 75081 
_ (214), 231 -5167 © 
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LITERATURE 


How to connect a 
plotter to a VAX 


Application Note 229-14 details how 
to connect an HP plotter or film 
recorder to a Digital Equipment 
Corp VAX. For the less-experienced 
user, it explains how the VAX and 
the plotter commmunicate through 
a standard VAX RS-232C port. 
Guidelines help you choose the 
right cables for stand-alone or 
eavesdrop configurations for differ- 

ent plotter models. 
Hewlett-Packard Co, 1820 Em- 
barcadero Rd, Palo Alto, CA 94303. 
Circle No 412 


Guide for EDIF users 


Using EDIF For Designing With 
Motorola Gate Arrays (BR357/D) is 
a functional-specification and user 
guide for the first version of the 
company’s software using the Elec- 
tronic Design Interchange Format 
(EDIF). It describes the informa- 
tion that the company will supply in 
an EDIF-based ASIC library and 
the information it needs to build an 
ASIC device specified by an EDIF 
file. 

Motorola, Literature Distribu- 
tion Ctr, 616 W 24th St, Tempe, AZ 
85282. 

Circle No 413 


App note details 
high-density digital recorder 


Synchronous Data Transfer from a 
High Density Digital Recorder ex- 
amines the problems that occur 
when reproducing data. It discusses 
how Data-on-Demand, a feature of 
the company’s SE9000 high-density, 
digital record/reproduce system, 


can synchronize data output from a 
recorder with a demand clock sup- 
plied by the user. The technical 
paper also describes the SE9000 
configuration. 

Thorn EMI Technology Inc, 
8601 Dunwoody Pl, Atlanta, GA 
30338. 

Circle No 414 


App note covers 
T1 error measurements 


This 6-pg application note features 
testing applications, typical test 
configurations, and product infor- 
mation on T1 bit-error-rate (BER) 
monitoring and analysis. It provides 
tutorial data on out-of-service BER 
analysis, error measurements, T1 
signal formats, and monitoring in- 
service T1 signals. 
Intelco Corp, 8 Craig Rd, Acton, 
MA 01720. 
Circle No 415 


Handbook documents 
line of dce/de converters 


This 64-pg handbook includes com- 
prehensive data on the company’s 
complete line of de/de converters. 
Selection tables list the converters’ 
characteristics. The book also pro- 
vides a glossary of de/de-converter 
terminology and information on the 
theory of operation and application 
of converters. 
Power General, Box 189, Canton, 
MA 02021. 
Circle No 416 
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Book and kit aids 
in pe-board design 
This combination package includes a 
432-pg hardcover text and a kit of 
more than 480 design and drafting 
aids for performing the actual pc- 
board artwork exercises in the text. 
The book, Digital Printed Circuit 
Design & Drafting, features more 
than 450 photos, charts, and illus- 
trations; how-to drafting tech- 
niques; and an appendix with ta- 
bles, check lists, graphic symbols, 
terms, and definitions. It also 
guides the reader through the cre- 
ation of artwork for 3- and 6-IC 
digital boards, a 10-IC digital/analog 
board, and a 10-IC multilayer board 
using the kit of drafting aids. Com- 
bination package, $99 ($9 postage 
and handling, $20 for surface freight 
outside the US); book or design-aid 
package, $49.95 each (postage and 
handling, $5 each). 

Bishop Graphics Inc, Box 5007, 
Westlake Village, CA 91359. 

INQUIRE DIRECT 


Newsletter covers changes 
to military standards 


The October 1986 edition of the 
monthly DDC News discusses how 
the recent changes to MIL-M-38510, 
MIL-STD-883, and MIL-STD-454 
affect military-equipment manufac- 
turers. The 6-pg newsletter also de- 
scribes several products, including 
interface cards to the 1553 data bus, 
the BUS-63105 MIL-STD-1553 
transceiver, and the BUS-63125 
transceiver. 
ILC Data Device Corp, 105 Wil- 
bur Pl, Bohemia, NY 11716. 
Circle No 417 
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Bl means custom 
microcircuits. 


thick and thin film hybrid design and man- 


We offer twenty years experience in 


ufacturing to the highest military reliability 
levels. When you design in Beckman 
Industrial Corp., you get the responsive- 
ness and quality that's made us an impor- 
tant element in a wide variety of highly 
successful programs such as Standard 
Missile |], Captor, Stinger, Harpoon and 
Lamps. For applications 
| assistance or our 
Microelectronics 
Capability bro- 
chure, call 

(714) 447-2333. 


Fax 714-447-2400. 


Berckma2n [nmduetrizai" 


Ghae G FS &S ££ SGHF F 


4141 Palm St.. Fullerton, CA 92635 
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LETS YOU RETRIEVE DETAILED PRODUCT 
INFORMATION IN AN INSTANT! 


EDN and EDN News offer you the fastest system ever to retrieve additional prod- 
uct information from an advertiser. 


It's called REACT, for Cahners Reader Action Service. And it allows you to receive 


in minutes what used to take weeks. 


All you do is look for the toll-free REACT phone number appearing in ads in EDN 
and EDN News. Then call the number from your modem-equipped personal com- 
puter or terminal. 

You'll be shown product descriptions, price lists, and technical specifications 
right on your computer screen. Plus you can access this data 24 hours a day, 
seven days a week for up to 15 minutes without charge. 


REACT enables you to respond to an advertising message after reading it and to 
receive the additional information you want immediately. 


The next time you see an ad that interests you, all you have to do is REACT. 


CA Nee RS 


qUIIREADER 
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NEW BOOKS 


Electronic Speech Recognition, 
edited by Geoff Bristow. 395 pgs; 
$48.50; McGraw-Hill Book Co, New 
York, NY, 1986. 

This reference guide, a compan- 
ion volume to Electronic Speech 
Synthesis, is divided into three sec- 
tions: techniques, technology, and 
applications. The section on tech- 
niques introduces the principles and 
methods of speech recognition. The 
chapters on technology give an over- 
view of the state-of-the-art devices 
and systems available, and the sec- 
tion on applications is a collection of 
design experiences written by 
groups who have already applied 
the technology. 


Basic Operational Amplifiers, by J 
C C Nelson. 113 pgs; $16.95; Butter- 
worths Publishers, Stoneham, MA, 
1986. 


Written with the assumption that 


the reader has a fundamental back- 
ground in circuit theory, this book 
includes Basic programs that relate 
directly to the introductory text on 
operational amplifiers. The pro- 
grams use commands that are avail- 
able on almost all implementations 
of Basic and should run on any ma- 
chine that offers this language. All 
the programs have been thoroughly 
tested. 


A Practical Introduction to the 
New Logic Symbols, 2nd edition, 
by lan Kampel. 176 pgs; $19.95; 
Butterworths Publishers, Stone- 
ham, MA, 1986. 

The new logic symbols offer you a 
more efficient method of represent- 
ing logic functions at any desired 
level. This edition instructs you in 
the intricacies of the new symbolo- 

y and provides a practical example 
of how you may use the symbology 


to represent a circuit at different 
levels of engineering, from system 
level down to circuit level. The intro- 
duction of the new logic symbols 
takes into account the latest devel- 
opments both in the fields of digital 
electronics and computer-aided 
drafting. 


Computers in Systems for Mea- 
surement and Control, by Dag 
Bjorklof. 286 pgs; $25; Daxab Educ- 
tronics, Box 102, S-181 22, Lidingé, 
Sweden, 1986. 

This book teaches you how to un- 
derstand and effectively use a per- 
sonal computer in technical applica- 
tions. It serves as an information 
guideline for engineers as well as a 
complete textbook for technical stu- 
dents. It includes information on 
computers and their role in techni- 
cal systems; instrumentation and 
system techniques; computer inter- 
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NEW BOOKS 


facing and communication; digit- 
izing measurement signals; I/O 
management by computers; and 
Basic programming for measure- 
ment, analysis, and control. The 
book also contains numerous Basic 
programs. 


Time-Domain Measurements in 
Electromagnetics, edited by 
Edmund K Miller. 536 pgs; $49.95; 
Van Nostrand Reinhold, New York, 
NY, 1986. 

This book encompasses the devel- 
opment, technology, applications, 
and related signal-processing issues 
of time-domain measurements. Four 
sections and an appendix comprise 
this edition: The first section covers 
the background, present status, and 
future directions of time-domain 
technology including the education- 
al advantages it brings to electro- 
magnetics. The second section 
teaches you the basic components 
that go into a time-domain measure- 
ment system. The third section in- 
cludes representative examples of 
time-domain measurements for var- 
ious applications, and the fourth 
section treats signal processing 
problems associated with transient 
waveforms. Some of the topics in- 
cluded are short-pulse voltage 
sources, wide-band antennas, in- 
strumentation, typical system con- 
figuration, materials measure- 
ments, exploration of inaccessible 
media, and signal processing and 
_ parameter estimation. 


Selected Papers in Multidimen- 
sional Digital Signal Processing, 
edited by the Multidimensional Sig- 
nal Processing Committee of the 
IEEE Acoustics, Speech, and Sig- 
nal Processing Society. 484 pgs; 
$45.95; IEEE Press, New York, 
NY, 1986. 

This book is a collection of 41 
papers that summarize the state of 
the art in multidimensional digital- 
signal processing (MDSP) theory 
and the applications of MDSP to 
signal reconstruction, image pro- 
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cessing, geophysical signals, and 
sensor-array processing. The book 
is organized into nine parts: The 
first four parts are theoretical, and 
the last five parts are application 
oriented. The introductory or sur- 
vey nature of several of the papers 
makes the book suitable for self 
study. 


Cases in Network Design, edited 
by William E Bracker Jr and Ray 
Sarch. 275 pgs; $26.95; McGraw-Hill 
Book Co, New York, NY, 1986. 
Consisting of recent articles from 
Data Communications magazine, 
this book provides a state-of-the-art 
look at implementations of local and 
wide-scale networks in a variety of 
settings. The articles deal with sev- 
eral aspects of network design: 
They present information on what 
does and does not work in a given 
setting; they show alternative 
means of implementing networks by 
analyzing the tradeoffs and the rela- 
tive costs; and they give an overview 
of the technological aspects and the 
impact of new technologies. The 
book covers networks installed for 
financial, transportation, communi- 
cations, military, and distributed 
database-management applications. 


Analog MOS Integrated Circuits 
for Signal Processing, by Roubik 
Gregorian and Gabor C Temes. 598 
pgs; $49.50; John Wiley & Sons, 
New York, NY, 1986. 

This book is both a working refer- 
ence for industrial circuit design 
and a textbook; thus, you need have 
only a minimal background in math- 
ematics and semiconductor physics. 
The book covers the theoretical and 
practical aspects of analog MOS in- 
tegrated circuits, describing the 
operating principles of these cir- 
cuits and showing you how to design 
and use them. It discusses the prac- 
tical problems encountered in de- 
sign, provides solutions, and pre- 
sents some examples of actual 
system applications. 


ULTRA-MINIATURE 


DC-DC 


Converter 
Transformers 


Actual 


Electronics, Inc. 


453 N. MacQuesten Pkwy. Mt. Vernon, N.Y. 10552 


Call Toll Free 800-431-1064 
IN NEW YORK CALL 914-699-5514 


Send for PICO’s new catalog featuring 
Ultra Miniature Transformers /Inductors/ 
DC-DC Converters 
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Elfab’s press fit VME backplane: 
Optimum flexibility of a standard design. 


Wire wrap tails 
allow for optional 
rear plug up shroud. 


Jumpering from 
both front or rear 
of backplane 
for easy access. 


Boards can be mounted 
side by side, maintaining 
.800 centerlines for 
system expansion. 


Standard power I.O. 


Of all the companies selling VME backplanes, very few 
actually manufacture them. Elfab Corporation's VMEbus 
system is designed and made totally in-house. Being a 
major manufacturer of press fit backplanes and connectors, 
that is what we do best. 

Elfab VMEbus backplane offers a unique hole pattern 
designed to allow for your choice of power 
connectors. This flexibility has not been 
previously available in standard systems. 
What's even more convenient, is the fact 
that our standard 5, 9, and 21 slot 
configurations are available directly from 


100% electrically tested 
to assure reliability. 


é"XELFAB 


we wees INTERCONNECTION 
~~ IA INNOVATORS 


On board termination 
between connectors 
for maximum use 
of board space. 


e 


AT 


| 
| 


"cate 
oOo 


J1 Backplane uses 
6 layer multilayer board, 
and J2 Backplane uses 
3 layer multilayer board 
for better overall 
performance. 


Universal hole 
pattern provides 
flexibility of 
power options. 


Optional power 
|.O. types. 


distributor stock at competitive prices. The 12 and 20 slot 
sizes are soon to follow. If these sizes do not fit your 
particular application, we can build custom orders to your 
specifications. Whatever your requirements, you can count 
on Elfab for quality backpanel interconnections. 
For more information and a free brochure contact: Elfab 
Corporation * 1097 Yates + Lewisville, Texas 
75067 * (214) 221-8776 or call toll free 
1-800-527-0753. In Europe: Elfab Europe, 
B.V. * Raheen Industrial Estate + Limerick, 
lreland * (061) 27600 « Telex: 70150 


Distributors stocking Elfab products: 


IE 


HEILIND ELECTRONICS, INC. 


Distributors of Electronic Hardware and Components 
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PROFESSIONAL ISSUES: A QUESTION OF LAW 


Computer-malpractice claims pose 
a growing threat to software designers 


Richard Beutel, 


York trial judge 


Washington, DC 


Software design- 
ers, who were once 
considered skilled 
tradesmen, are 
now beginning to 
be considered pro- 
fessionals by the 
courts as well as 
by the business 
community. This 
new perception of 
software design- 
ers as profession- 
als has created po- 
tentially serious 
legal hazards for 
them: Like doctors 
and lawyers, soft- 
ware developers 
are now vulnera- 
ble to malpractice 
suits. 

Claims of mal- 
practice, which have sent insurance premiums for the 
legal and medical communities soaring, are devastating 
to professionals because, unlike lawsuits that are based 
on contract violations, malpractice suits allow for the 
recovery of a broad range of damages, including puni- 
tive damages. 

Traditionally, legal opinion has held that software 
developers were essentially skilled tradesmen rather 
than trained professionals, because software design 
was an occupation with few national standards or 
formal degree programs to support it. 

Now, however, professional standards for software 
design have been set forth by the Virginia-based Asso- 
ciation of Data Processing Service Organizations 
(ADAPSO), certification programs have been adminis- 
tered and accredited by such organizations as the 
Institute of Certification of Computer Professionals, 
and formal degree programs for software design have 
been established at many universities. 

The first sign of the changing legal status of software 
developers was evident 10 years ago. In 1977, a New 
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handed down a de- 
cision that for the 
first time equated 
the professional 
standing of soft- 
ware developers 
with that of archi- 
tects and _ engi- 
neers. That case 
has become some- 
thing of a sleeper: 
It went unnoticed 
for years, but has 


recently been 
LE widely cited as a 
LIEZAZIZ y 
LLL precedent. 


In the past two 
years, court cases 
based on flawed 
software have 
swelled in number 
and have’ been 
widely publicized. 
The suit involving 
software maker 
Lotus Development Corp (Cambridge, MA) and a Fort 
Lauderdale, FL, construction company attracted much 
media coverge. In that case (which was settled out of 
court in December on terms favorable to Lotus), James 
A Cummings Inc charged that Lotus’s Symphony 
spreadsheet miscalculated by more than $250,000 the 
costs of a construction bid Cummings was preparing. 
Lotus contended that the company was at fault for 
using the program incorrectly. 


Rob Saunders 


Important software cases 


The Lotus case received the lion’s share of attention 
from the media, but other cases that the courts have 
been hearing will have an equally dramatic effect on 
software developers and their employers. Last fall, for 
example, in deciding what was expected to be a run-of- 
the-mill breach-of-contract suit between two busi- 
nesses, an Indiana court surprised the legal community 
by finding that one of the parties—a custom-software 
maker—had committed malpractice. 

The case had begun after L H Smith Oil Corp refused 
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to pay the outstanding portion of a sum it owed Data 
Processing Services (DPS), a custom-software vendor. 
DPS had designed custom accounting software for 
Smith Oil to run on its IBM System/32 and System/34 
mainframe computers. Smith Oil claimed the software 
was defective, and consequently it refused to pay the 
balance. DPS sued the oil 
company, and the oil com- 
pany countersued, charg- 
ing that the software was 
poorly designed. 

The judge not only 
ruled that Smith Oil had 
no obligation to make the 
final payment, but he also 
ordered the software company to pay its former client 
damages for the defective system. Agreeing with the 
client that the accounting software was defective, the 
judge chastised DPS for agreeing to design accounting 
software when it had no experience in the area. The 
court issued a warning to DPS, reminding the company 
of its obligation to represent its abilities properly to 
potential clients. By virtue of its claiming to be a 
software-design firm, the judge ruled, DPS implied 
that it possessed certain skills and adhered to a set of 
standards shared by other members of its profession. 
As a result, the company’s inability to adhere to these 
standards amounted to negligence. 

The judge found DPS’s actions to be essentially 
unscrupulous, but other members of the industry took 
the verdict as a warning, realizing that even scrupulous 
business practices might not be enough to protect them 
from litigation. The stir over potential malpractice suits 
is causing many software developers and their employ- 
ers to find new means of protecting themselves. 

Their main method of protection is the contract. 
Unlike the sale of goods, the sale of services is not 
tightly regulated on either the state or the federal level. 
In the absence of such regulations, a well-crafted 
contract can limit a company’s legal exposure. As a 
result, many software developers, like other purveyors 
of services, try to protect themselves through contract 
provisions such as carefully worded limitations on the 
extent of their responsibility in case of a negligence 
charge. These provisions, they hope, will offer some 
measure of protection against malpractice claims. The 
responsibilities of subcontractors or other third parties 
are also being stipulated in contracts. 

Besides contractual provisions, another method of 
self-preservation software designers are employing is 
to present clients with an outline of the different 
approaches they could use to solve a design problem. 
Clients review the outline and then select the solution 
that seems the most sound. This way, if a client later 
becomes dissatisfied with the design or charges negli- 
gence, the review and written approval of the solution 
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The stir over potential malpractice suits 1s 
causing many software developers and 
their employers to adopt new means of — 

protecting themselves. 


places at least some of the responsibility on the client. 

Another means of protection is specialized insurance. 
Malpractice insurance, which is usually associated with 
lawyers and doctors, is now becoming available for 
software makers and their employees. Known as “er- 
rors and omissions” insurance, such policies cover inju- 
ries or property damage 
that result from comput- 
er failure as well as any 
damages that result from 
unauthorized access to 
the computer system. 

Among electronics 
companies, malpractice 
insurance is still rare, and 
only a handful of insurance carriers offer such policies. 
Unlike malpractice insurance for physicians, though, 
who carry policies in their own names, malpractice 
coverage in the electronics industry is purchased by 
companies and protects the corporate entities as well as 
their employees. 

Electronics malpractice premiums have yet to reach 
the astronomical levels that have caused loud protests 
in the medical profession. Premiums for electronics 
companies typically range from $5000 to $25,000 per 
year, according to Robert Middleton, director of the 
electronic insurance division of Armfield, Harrison and 
Thomas Inc, a Leesburg, VA, insurance agency. For 
software companies, the costs vary, depending on the 
kind of software the company specializes in. Malprac- 
tice coverage for makers of mass-produced, shrink- 
wrapped programs is generally easier to obtain than is 
coverage for custom-software makers. ae) 


Author’s biography 


Richard Beutel is an attorney with Abrams, Westermeier & 
Goldberg, a Washington, DC, computer-law firm specializ- 
ing in software law. Prior to joining the firm, he practiced 
law for two years in Silicon Valley. Beutel earned a JD at 
Georgetown University Law Center (Washington, DC) and 
a BA at Pomona College (Claremont, CA). 
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QUALITY ENGINEER ech 
MICROELECTRONIC Issue Recruitment 


Date Deadline Editorial Emphasis 


Well-established, growing high-tech company 


located in the North Atlanta suburbs needs a Mar. 19, teh. 26 ep sa cE ep 
: a : A : : ailing: Mar. 26 
Quality Engineer with experience in hybrid or 
MIC microelectronics as a quality or component Mar. 31 Mar. 10 Electro ’87 Show Issue; 
engineer. reir ois itp ae 
ools; ICs 
Sern is Semicond 
Responsibilities for this position include Co ee 
generating procedures and specifications, SUp- Apr. 15 Mar. 26 Microprocessor Technology; 
port of incoming inspection, provide in-process Software Development; 
control, support and control of all qualification ii, ambi Clonins Age 3 
and QCI testing, etc. Apr. 30. Apr. 9 Communications Special Mailing: Apr. 23 
P ‘ p 
Issue; ASICs; Test & 
This position requires a team player with an ap- Measurement 
plicable Bachelors Degree and 2 doieaeoag May 14 Apr. 23 Analog Technology Special 
minimum applicable experience. Must have in- 


‘ . Issue; ICs; Test & 
depth knowledge of Mil Std 883 and Mil M Measurement Chane hos 


38510. tne ieee, ee 
May 28 May 7 Computer Peripherals; Soft- Mailing: May 21 


-P 
We offer excellent growth, compensation and Golan tes 
fringe benefits package. Please forward your 
resume in confidence to: June 11 May 21 Math ICs; CAE; Computers 


ho We we 
Personnel Department June 25 June 4 ASIC (Semicustom ICs) Mailing: June 18 
Directory; Analog ICs; 
ELEC i ROMAGNE Tic Surface-Mount Technology 
SCIENCES. | July 9 June 18 Product Showcase-Volume 1; 
125 Technology Park/Atianta = & Semiconductors; 
Norcross, GA 30092 vevinpte Closing: June 25 
Equal Cpportunity Employer M/F July 23 July 2 Product Showcase-Volume Mailing: July 16 
II, Computers & Peripherals; 
Test & Measurement 
Instruments 
Aug. 6 July 16 Computer Boards; Digital 
Signal Processing; Test & 
eee Measurement; Top Ten Closing: July 23 
Reader Vote Contest Mailing: Aug. 13 


ANALOG ENGINEERS = evGas Ro. (201) 228-8610 


West Coast Dan Brink (714) 851-9422 


Loral Information Display Systems, a division of Loral Cor- National Roberta Renard (2 01) 228-8602 
poration, designer of digital electronic information systems 

and graphic displays for military applications, is continu- 

ing design activity in development of new CRT display 

technology. EN GI N. EERI N G 


(HW/SW) 


Top Producer in the largest personnel network system 
currently has openings for ALL Engineering and com- 
puter professionals. Over 200 offices through the U.S. 
and Canada. All fees, interview and relocation expenses 
are borne by our client companies. Please call or submit 
your resume to: 


RIKER PERSONNEL 
8790 Purdue Road, Suite E 
Indianapolis, IN 46268 
(317) 875-9911 


Positions require BSEE or equivalent with 3-7 years ex- 
perience in CRT circuit design. Background in designing 
for military electronics/avionics applications desired. 


Loral Information Display Systems is a progressive com- 
pany offering unusual growth opportunities in our own of- 
fice park in Atlanta. We provide top industry pay and 
benefits. For further information, call COLLECT (404) 
448-1604 or send resume with salary history to: 


Robert C. Hall 
Loral Information Display Systems 
Dept. E-216 
6765 Peachtree Industrial Bivd. 
Atlanta, GA 30360 


An Equal Opportunity Employer M/F/H/V. 
U.S. Citizenship Is Required. 


THE SPECIALISTS 


Nationwide Opportunities in Antenna, 
RF/MW/MMW, Radar, Fiberoptics, 


Communications. Call or write now: 


E.J. DORT & ASSOCIATES 
2100 Westpark Drive, Suite 201 
Research Triangle Park, NC 27713 
(919) 544-1894 
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Fae a SE A, b. 
INFORMATION DISPLAY SYSTEMS 


A DIVISION OF LES ZAL. CORPORATION 


First in Readership Among Design 
Engineers and Engineering 
Managers in Electronics 


FOR IMMEDIATE RELEASE 


RECENT AUSTIN CONTRACT ANNOUNCED 


AI SPECIALISTS WILL PUT MINDS TO 
BATTLEFIELD MANAGEMENT PROGRAM 


Austin, Texas...The Austin Division of that artificial intelligence and advanced 
Lockheed Missiles and Space Company computer technologies are command 

has been selected as prime contractor for and control force multipliers that can 

a research and development program contribute to success on the battlefield. 

to enhance battlefield management by Advanced man-machine interfaces devel- 
using artificial intelligence. The $14.9- oped under ALBM will deal with natural 
million Air-Land Battle Management language, speech recognition, high- 
(ALBM ) Program is sponsored by the resolution color graphics, distributed 
Defense Advanced Research Projects processing, developmental computer ar- 
Agency (DARPA) and the U.S. Army. chitectures, advanced computer hardware, 


ALBM will help Army commanders assimi- and distributed/parallel Expert Systems. 
late and evaluate increasing amounts of The following positions offer high visibil- 
information to make quick and accurate ity and the opportunity to work with the 
battlefield decisions. It will demonstrate best and the brightest: 

iy ae PR ERS aeRO 
ARTIFICIAL INTELLIGENCE SPECIALISTS — Your experience in artificial intelligence 
applications includes building and developing military Expert Systems, natural 
language systems or speech recognition systems using LISP KEE, ART on Symbolics, 
VAX 11/780 or Micro VAX. You have a degree or an advanced degree in Computer 
Science/Engineering. 

ADVANCED SYSTEMS ENGINEERS — Your background includes intelligence processing, 
developing Expert Systems, natural language systems or speech recognition systems 
on LISP machines using advanced artificial intelligence development environments. 
You have a degree in Computer Science, Math, or Engineering. 

SYSTEMS ANALYST -— You are predominately a software person. Your experience is in 
developing high-resolution color graphics, distributed processing systems, or computer 
architectures. 

WARGAMING SPECIALIST -— You are a modeling and simulation person, with experi- 
ence in military applications. You can develop software in both LISP and C and enjoy 

a complex and challenging near-real-time programming problem. 


In Austin, the challenges are as great as the quality of life. If you appreciate a commu- 
nity with fine academics, a low cost of living, and beautiful natural resources, and you 
want the challenge we offer, send your resume to Lockheed-Austin, Employment Office, 
Dept. 517-22, RO. Box 17100, Austin, TX 78760. Lockheed is an equal opportunity, 
affirmative action employer. U.S. citizenship is required. 
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Professional Engineering 
Opportunities 
in Tucson, Arizona 


Were involved in the research, development, manufacture and marketing of high 
technology electronic products for the world-wide commercial, military and general aviation 
industry. Some of our products include precision instrumentation, air data computers, 
cabin pressure control systems, and gas turbine engine fuel control systems for propulsion 
and auxiliary power applications. 


We believe in the direct approach. We're committed to recruiting the best available exper- 
tise in our fields of interest. We're stable. We're successful. We invite you to consider join- 
ing our team in the following positions: 


MISSILE ELECTRONIC TURBINE ENGINE & CABIN 
ACTUATION/FLIGHT PRESSURE CONTROLS 
CONTROLS ¢ Sr. Project Engineers 

e Systems Engineer 

e Assistant Project Engineer SR. TEST REQUIREMENTS 

e Project Engineer (Tempe, Arizona) DOCUMENT ENGINEER 

CIRCUIT DESIGN MATERIALS & PROCESS 

e Circuit Design Supervisor ENGINEER 

Oe to ee es PROGRAM CONTROLS 

| Bers ADMINISTRATOR 

ELECTRONIC PACKAGE CONTRACT ADMINISTRATOR 

DESIGN 
; ; ; CONFIGURATION 

e Sr. Mechanical Packaging Engineers 

# Palliape Deki get Metiagee MANAGEMENT ENGINEER 

e Sr. Engineering Checkers 

sales tadinics SENIOR RELIABILITY 

e PWB Designers ENGINEER 


If you want to share in our exciting future, let us hear from you. Please send your resume to: 
AiResearch Electronic Systems Division, Attn: Professional Staffing, P.O. Box 37110, 
Tucson, AZ 85740. U.S. Citizenship or permanent visa required. An Equal Opportunity 
Employer M/F/H. 


lied GARRETT 


Signal Technologies 
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Honeywell in Phoenix 


Engineering Growth Opportunities 


Sperry’s Space Systems Division in Phoenix is now a part of Honeywell Inc. The combination of 
Sperry and Honeywell aerospace operations creates a stronger market force, offering both a larger 
line of products and systems for the space community and more career growth opportunities for 


you. 


Software Project Management 


Lead the design and development of software for 
distributed systems, data communications and data 
base management systems. You should have experi- 
ence in ADA, MIL-STD 2167, tools and methods and 
ISO/OSI protocols. Ten or more year’s aerospace 
experience is required. 


Electronics Engineers 


Openings include analog circuit design for signal 
processing, electromechanical components and digi- 
tal circuit design applicable to signal multiplexer/ 
demultiplexers. You should be familiar with micro- 
processor-based designs, serial digital I/O, A/D con- 
version techniques and power supply design. 


Product Engineers 


In these positions you will perform senior-level 
digital hardware design on high-volume, high-relia- 
bility products. You should be familiar with MIL 
Specs and have prior experience on military produc- 
tion programs. 


Systems Software Engineers 


In these positions you will generate systems 
software specifications from systems requirements, 
develop software requirement documents, computer 
algorithms, flow diagrams, software test require- 
ments and verification/validation plans. You should 
have experience with Assembly and higher-order lan- 
guages. 


Test Systems Engineers 


Positions open include test system design, test 
hardware development, test software development 
and systsem simulation. To qualify for software and 
systems positions, you should be familiar with HP- 
1000 and HP-9800 series hardware and software or 
with the MC68000 microprocessor, Unix operating 
system, “C” and ATLAS languages. Test hardware 
development will require a background in analog or 
digital circuit design. 
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Systems/Control Systems Engineers 


These positions are involved with the definition 
of spaceborne systems for sensors, electro-optics, 
pointing systems, attitude control or data handling 
applications. Control systems responsibilities 
include: Design analysis, simulation, error budgets 
and system interface definition. 


Electro-Optics 


This position requires experience in fiber optics 
communications components and a working knowl- 
edge of sources, detectors and interface electronics 
including modulators and signal processors. 


To qualify for these positions you should 
have a BS degree in Engineering or an appro- 
priate physical science with five or more year’s 
aerospace experience. 


Additional Opportunities 


We also have openings for engineers in the 
following areas: Electro-optics, Mechanical 
Engineering, Electronics Packaging and Program 
Management. 


Take advantage of these opportunities. 
Honeywell offers you the chance to work at the fore- 
front of space technology. We are a rapidly growing 
organization that gives you the opportunity for 
career growth in a new advanced-technology facility 
devoted exclusively to space. To be considered, send 
your resume, and salary history, in confidence, to 
Kevin Rogers, (EDN-E762), Honeywell Inc.,Sperry 
Space Systems Division, P.O. Box 52199, Phoenix, AZ 
85072-2199 


Together, we can find the answers. 


Honeywell 


Equal Employment Opportunity/Affirmative Action Employer 
U.S. citizenship is required 
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Getting results can 
take longer than 
the simulation! 


Not with Probe. Probe works 
with PSpice, the world’s most 
widely used analog circuit 
simulator. Interactive graphics 
display your results with a 

few keystrokes. 


All of the simulated voltages and 
currents are available for 
display, or combined in 
formulas. 


Also, our PSpice analog circuit 
simulator gives you more than 
just voltages (for example, group 
delay for filter design). Probe 
shows the answers you need, 
quickly and accurately. 


Hardcopy is not a problem, 
either. Your waveforms are 
re-formatted for the popular 
dot-matrix printers and pen 
plotters, even laser printers. 


Probe is just one of the options 
available for PSpice. 


MicroSim’s PSpice software 
runs on IBM-PC™ compatible 
and DEC VAX™ computers. 


faa] 


MICROSIM CORPORATION 
23175 La Cadena Drive 
Laguna Hills, CA 92653 

(714) 770-3022 © (800) 826-8603 


Call today for further informa- 
tion and free evaluation copy 
of our software. 


IBM-PC is a trademark of International Business Machines Corp. 
VAX is a trademark of Digital Equipment Corporation. 
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March 31 to April 2, 1987 
Anaheim Convention Center 
Anaheim, California 


ADEE is the only conference/exhibition on the west 
coast that focuses on the real, practical applications of 
Computer Aided Engineering (CAE) and Design (CAD) 
for the design of electronic circuitry. 


The major vendors of CAE/CAD technology will be on 
hand—all of them presenting their latest innovations 
and all of them concentrating on real tools you can 
put to work right now. 


Whether you design logic, IC, or printed circuitry or 
systems, you'll soon need to acquire or expand your 
use of this powerful technology. That is, if you want 
to stay competitive. 


e Because you'll have a chance to meet with the leading 
suppliers of CAE/CAD technology and see their 
products in action. 


e Because you'll have a chance to compare and eval- 
uate hundreds of systems. 


e And because of ““CIRCUITPATH.” It’s a working, multi- 
company demonstration that addresses the challenge 
of integration. “CIRCUITPATH” will take you, step- 
by-step, through a typical design cycle showing how 
each element in this integrated CAE/CAD system 
contributes to the design of a single product. It proves 
the challenge can be met and conquered with existing 
technology. 


e You can also take advantage of technical presentations— 
a user-oriented program tied closely to the exhibition 
to make the real technology as accessible and 
manageable as possible for you. 


Please send advance registration information on ADEE West 
’87, including details of the exposition and conference program. 


Name Title 
Company 

Address 

City State Zip 


Bring a team to ADEE! Photocopy this coupon for your 
colleagues. Return to ADEE West ’87. 
* Cahners Exposition Group 

C Cahners Plaza, 1350 E. Touhy Ave. 

Des Plaines, IL 60017-5060 

Telephone: (312) 299-9311 

Telex: 256148 CEGCGO DSP (Domestic) 

82882 CAGCHGO (International) me 
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LOOKING AHEAD 


Use of SMDs to triple 

in Europe by 1991 

Demand for surface-mount devices 
(SMDs) by European manufacturers 
will triple during the period from 
1986 to 1991, reports Frost & Sulli- 
van Inc, a market-research company 
with main offices in New York City 
and London. The European market 
for SMDs in 1991, says F&S, will 
approach $2 billion. 


Europe has yet to follow Japan’s: 


early, large-scale development of 
surface-mount technology, accord- 
ing to F&S, because the types of 
products the technology best suits 
were not being produced in Europe 
in great quantities. This situation is 
beginning to change, however. Prin- 
cipal areas of SMD development in 
Europe are small appliances and TV 
assemblies, radio communications 
equipment (especially cellular 
radio), main telephone exchange 
equipment, and defense and data- 
processing applications. 

The 1986 market for SMDs in 
Europe climbed to $657 million (US 
dollars); in 1991, it will be worth 
$1.9 billion. According to F&S, 
West German manufacturers ac- 
counted in 1986 for more than a 
quarter of the consumption of SMDs 
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EDITED BY GEORGE STUBBS 


INSTRUMENTATION 
$13.1M 


INDUSTRIAL 
ELECTRONICS 
$5.0M 


DATA PROCESSING 
$70.8M 


DEFENSE 
$54.7M 


: (SOURCE: FROST & SULLIVAN INC) 


($187 million), United Kingdom 
companies nearly one-fifth ($124 
million), and French concerns less 
than 15% ($92 million). The French 
are expected to increase their use of 
SMDs at a faster rate than other 
nations’ manufacturers. 

F&S also predicts that, though 
today SMDs account for less than 
10% of all electronic components, 
almost 20% of all such components 
will be SMDs by 1991. Well over 
25% of all capacitors and more than 
20% of all ICs will be rendered in 
surface-mount form. Many induc- 
tors and resistors will also appear as 
SMDs. In volume terms, ICs cur- 
rently account for nearly 75% of 
SMD sales in Europe. 


Advanced ceramic products 
to be worth $6B+ by 1995 


The market for advanced ceramic 
products will approach $2 billion in 
1987 and should easily exceed $6 
billion in 1995, according to the mar- 
ket-research company International 
Resource Development Inc of Nor- 
walk, CT. Electronic components 
will continue to lead the way in 
shipments of advanced ceramic 


products throughout this period, 
but in the late 1980s mechanical 
applications—particularly heat-en- 
gine components—will play a more 
significant role in market growth. 

For electronic components, says 
IRD, plastic materials often outper- 
form and undercut the price of ad- 
vanced ceramic materials, but an 
end to such dominance is in sight. 
The reliability, capacity, and versa- 
tility of advanced ceramics are well 
suited to the increasingly sophisti- 
cated tasks that ICs are required to 
perform, and manufacturing with 
ceramics is becoming more economi- 
cal. Advanced ceramic materials 
have excellent thermal conductivity, 
and the development of substrate 
materials for applications that re- 
quire high thermal conductivity will 
further enhance the attractiveness 
of advanced ceramics. 


High-resolution-CRT market 
to be worth $2B by 1990 


Shipments of high-resolution moni- 
tors in the US will continue to in- 
crease by an average annual rate 
greater than 35%, reports the mar- 
ket-research company Venture De- 
velopment Corp (Natick, MA). In 
1990, the market for high-resolution 
CRTs will be worth at least $2 bil- 
lion. This growth will be driven by 
the changing needs of personal-com- 
puter users; as more sophisticated 
functions move to the desktop level, 
says VDC, PC users will demand 
monitors with higher resolution 
than is currently available. 
Personal computers are now pow- 
erful enough to handle CAD/CAM, 
medical imaging, desktop publish- 
ing, and other applications requir- 
ing complex graphics. In response 
to the demands of PC users, monitor 
manufacturers that previously sold 
only to OEMs are starting to pack- 
age their products for sale to end 
users. Aydin Controls, Mitsubishi, 
and GE/RCA are among the leaders 
in this change in marketing tactics. 
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de to 3GHZz 


¢ less than 1dB insertion loss over entire passband 

¢ greater than 40dB stopband rejection 

¢ 9 section, 30dB per octave roll-off | 

¢ VSWR less than 1.7 (typ | FLCUILTS 
- over 100 models, immediate delivery 0. Box 166, Brooklyn New Yorn 1336 (716) 988-4600 
. meets NV | eS F-207 Domestic and International Telexes: 6852844 or 620156 
¢ rugged hermetically sealed package (0.4.x 0.8x 0.4 in. 


¢ BNC, Type N, SMA available 


LOW PASS Model 


Min. Pass Band (MHz) DC to 60 98 190 
Max. 20dB Stop Frequency (MHz) | 19 70 90°. 147 1 210 1.296 


Prices (ea.): P $9.95 (6-49), B $24.95 (1-49), N $27.95 (1-49), S $26.95 (1-49) 


HIGH PASS 


150 | 200 | 300 | 450 | 550 | 600 | 750 | 850 | 1000 


Model 150 | 200 


start, max. 133 185 290 395 1000 
Pao Sera 2) end, min. 600 | 800 | 1200 | 1600 
Min. 20dB Stop Frequency (MHz) 26 a0 95: |. 116 190 | 290 720 


Prices (ea.): P $12.95 (6-49), B $27.95 (1-49), N $30.95 (1-49), S $29.95 (1-49) 
Prefix P for pins, B for BNC, N for Type N,S for SMA CIRCLE NO 194 C105 REV. B 


Now! HEXSense 


makes today’s current-sensing obsolete. 


DRAIN 


: NK 
aT DR 
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Old Method 


This circuit uses a fractional value 
resistor (A) to measure current, 
causing a voltage drop which increases 
power losses. Its parasitic inductance 
also slows down switching speed. To 
offset these losses, a lower Roson) 
power MOSFET may be used, 
increasing circuit cost. 


New HEXSense Method 


in this simple. cost effective circuit the 
current-sensing output connects to a 
virtual ground. Resistor (A) establishes 
a voltage-to-current ratio. With the 
Kelvin connected to the non-inverting 
input of (B). a highly accurate current- 
sense results. 


HEXSense offers 5-pin lead 
forms for vertical and horizontal 
pcb mounting. 


HEXFET and HEXSense are trademarks of Internationa! Rectifier. 


HEXSense, a new HEXFET power MOSFET It’s all made possible by our HEXFET power 

with built-in current-sensing, reduces compo- MOSFET’s superior quality, faster switching speed, 
nent count and design time — making conven- built-in avalanche withstand capability, and now, 
tional current-measuring methods obsolete. current-sensing for control and protection. 


Your circuit designs are simplified in less board In short, now you can design easier and more 
space. Power and voltage losses disappear. accurate, cost effective current-sensing circuits 
Accuracy and bandwidth increase. In the end, with the quality choice in power MOSFETs. 
your system performs better, more reliably. Call (213) 607-8842 for technical data. Today. 


International 
n power Bumeer! Rectifier 


TELEX 472-0403 
(088 33) 3215/4231. TELEX 95219 


WORLD HEADQUARTERS: 233 KANSAS ST., EL SEGUNDO, CA 90245, U.S.A. (213) 772-2000. TWX 910-348-6291, 
EUROPEAN HEADQUARTERS: HURST GREEN, OXTED, SURREY RH8 9BB, ENGLAND TELEPHONE 


Power MOSFETs « CMOS Power ICs - Commercial/Custom Power Packages ° Schottkys 
Rectifiers * Thyristors (SCRs) » Diode Bridges » Molded Circuits - Assemblies 
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PROGRAMMER WITH A 
SINGLE SITE FOR EVERY DEVICE. 


NEW UNISITE 40 HANDLES LEADING- 
EDGE DEVICES WITH SPEED AND EASE. 
Now you can program and test the 
latest programmable devices and 
packages, fast and accurately — all in 
a single site. The first true universal 
pin drivers support any device of a 
given package type in the same site. - 
The UniSite™ 40's single DIP socket 
handles any device up to 40 pins, 
including PLDs, PROMs, IFLs, 
FPLAs, EPROMs, EEPROMs, and 
microcontrollers. The same site 
accommodates the most popular 
PLCCs and SO packages. A 16-bit 
processor, coupled with custom ICs 
and high-speed RAM, set new speed 
records for programming and testing. 


TIMELY ACCESS TO TOMORROW’ S 
DEVICES. With Universal pin driver 
electronics hardware, device-specific 
instructions can be loaded from one 


3'2" micro-diskette. When new 
devices are introduced, you simply 
load a new master diskette, and the 
UniSite 40 is quickly updated. 


MENUS MAKE PROGRAMMING EASY. 
Use your cursor to select any func- 
tion. Menus prompt you step-by-step 
and HELP messages assist you 


Data I/O Corporation 10525 Willows Road N.E., P.O. Box 97046, Redmond, WA 98073-9746, U.S.A. (206) 881-6444/Telex 15-2167 


FutureNet 9310 Topanga Canyon Boulevard, Chatsworth, CA 91311-7528 


(818) 700-0691/ Telex 910-494-2681 


Data!/O Europe World Trade Center, Strawinskylaan 633, 1077 XX Amsterdam, The Netherlands (20) 622866 /Telex 16616 DATIO NL 
Datal/O Germany Bahnhofstrasse 3, D-6453 Seligenstadt, Federal Republic of Germany (6182) 3088/Telex 4184962 DATA D 


Data I/O Jap 
(03) 432-6991/Telex 2522685 DATAIO J 


an Sumitomoseimei Highashishinbashi Bldg., 8F, 2-1-7, Highashi-Shinbashi, Minato-ku, Tokyo 105, Japan 
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throughout operation. A built-in listing 
of devices speeds part selection. The 
UniSite 40 can even save your most 
frequently used parameters for instant 
recall. 


SHORTCUTS SPEED SETUP, More fre- 
quent users can bypass menus and 
zoom directly to specific operations by 
selecting key commands. Special 
software commands, like the ones in 
our QuickCopy™ mode, are also 
available to streamline your program- 
mer operation. 


DESIGN FREEDOM FOR TOMORROW. 
When leading-edge designers use the 
latest programmable devices in their 
designs, they need the design freedom 
only the UniSite 40 can provide. Call 
your local Data I/O representative or 
1-800-247-5700 and ask about the next 
UniSite 40 demonstration in your area. 


DATA 1/O 


